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STUDIES IN THE GLOSSOPTERIS FLORA OF INDIA — 
0. DADOXYLON BARAKARENSE SP. NOV. FROM THE 
NISRPECOATRIEFD ANDIS 


K. R. SURANGE & Y. N. SAXENA 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of Dadoxylon, D. baraharense, is 
described from Barakar Stage (Lower Permian). 
The species is distinguished by the presence of wood 
parenchyma, Î-2 seriate medullary rays, -3 seriate, 
hexagonal and alternate or round and opposite to 
sub-opposite radial pits and tracheidal pits on the 
tangential wall. 


INTRODUCTION 
Re ten more pieces of petrified 


woods were collected by one of us 

(Y. N. Saxena) from the same 
locality, viz. i8th Coal Seam in Kharkhari 
Colliery, 2Barakar Stage, lat. 23° 467 24”, 
long. 86° i4’ 36”, Jharia coalfield, from 
where Dadoxylon jhariense (SURANGE & 
SAH, 956, p. 00) was described. Out of 
the ten woods, six were identical with D. 
jhariense, the largest specimen being ll-2 
cm. in diameter and 20-24 cm. in length. 
Some of these specimens, although identical 
with D. jhariense, showed deep medullary 
rays, ॥503/ cells deep 00700 Fic. 8). One 
large specimen, however, was quite different 
from the rest in that it showed wood paren- 
chyma which was hitherto unknown in any 
of the Indian species of Dadoxylon. It was, 
therefore, thought worthwhile to describe it 
here in detail. 


DESCRIPTION 


Dadoxylon barakarense sp. nov. 


The specimen indicates a trunk of con- 
siderable girth. It consists of a portion of 
secondary wood of a stem devoid of pith and 
primary xylem, measuring 2] cm. in diameter 
and 9 cm. in length. The specimen is 
black in colour and is preserved exactly in 
the same way as D. jhariense and appears 
to be slightly crushed at the time of preser- 
vation. The annual rings, which are defi- 
nitely present, are thereby distorted to some 
extent (Pr. l, Fic. l). The autumn and 
spring wood is clearly visible under the 
microscope (Pr. |, Fic. 7). The spring 
wood is 30-40 cells wide and the tracheids 


are squarish and thick-walled, measuring 
about 57x47 uw across. The autumn wood 
is narrow, 7-8 cells wide, and the tracheids 
are small and narrow, measuring 39X8 u. 
across. The xylem parenchyma. is present 
and is scattered in the spring and autumn 
wood. 

Radial Pitting — Pits on the radial walls 
of the tracheids are uniseriate to triseriate. 
Uniseriate pits are occasional, separate or 
contiguous and circular ( TEXT-FIG. I). The 
biseriate pits are predominant, contiguous, 
hexagonal and alternate or somewhat cir- 
cular and opposite to sub-opposite ( PL. , 
Pies, 2, 4: Text-rics, 2, 3). lriseriate 
pits are rare, mostly contiguous and alter- 
nate. The pits are small in size, round or 


Tixt-Fic.  — Radial view of tracheid, showing 
uniseriate bordered pits. x 800. 
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TEXT-FIG. 2 — Tracheid in radial section, showing 
biseriate, separate, circular and opposite pitting. 


x 800. 


slightly elliptic when free but flattened in 
hexagons when in contact. The pore is 
either circular or elliptical and inclined, 
measuring 4-5 u across. At some places 
it was noticed that the tracheids were 
arranged end to end (Pr. | Fic. 6). 

Tangential Pitting — In some late wood 
tracheids, a few pits are preserved on the 
tangential walls. They are uniseriate and 
arranged closely. The pore is well preserved 
and measures 4-5 u in diameter. 

Medullary Rays — The rays are predomi- 
nantly uniseriate (हश/। Fic. 3; TEXT-FIG. 
6 ) and occasionally partly or wholly biseriate. 
In the long rays biseriate condition is found 
usually in a single cell or 2-3 cells, whereas 
some short rays (up to 6 cells) may be 
wholly biseriate. The average frequency of 
biseriate and uniseriate medullary rays is 
l6 and 84 per cent respectively. The rays 
are l-22 cells in height (average 3 cells). 
The ray cells measure 25-36 u. Field pits 
vary from 2 to 5, but mostly 4 in number 
( Pr. , Fic. 2; TEXT-FIG. 4). On account of 
bad preservation, the border was not visible. 


Xylem Parenchyma — Well-defined paren- 
chymatous cells intervene at places between 
the vertical rows of tracheids near the region 
of medullary rays and can be made out in 
radial as well as tangential sections ( PL. l, 
Fies; 3,,.55 TEXT-RIGS.5, 6er a neyaare 
mostly empty and are shorter than tracheids, 
the length of a tracheid being equal to about 
4-5 parenchymatous cells. The transverse 
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TEXT-FIG. 3 — Tracheid in radial view, show- 
ing typical Araucarian pitting. x 800. 


; TEXT-FIG. 4 — Radial longitudinal section, 
ing pits in the field and the tracheids. x250. 
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TEXT-FIG. 5 — Radial longitudinal section, show- 
ing abundant wood-parenchyma. X 250. 


walls are either straight or slightly curved 
at the corners. The wood parenchyma is 
scattered. 


D. barakarense sp. nov. 


Diagnosis — Radial pits l-3 seriate, flat- 
tened, contiguous and alternate, or somewhat 
circular, opposite or sub-opposite; pits on the 
tangential walls of the tracheids present, 
medullary rays l-2 seriate, l-22 cells high, 
average |3 cells; field pits 2-5 but mostly 4; 
xylem parenchyma present and _ scattered 
throughout the wood near the region of 
medullary rays. 

Type Specimen — B.S.I.P. 28549/37 

Horizon — Barakar Stage. 


COMPARISON 


In the identification of fossil woods, some- 
times it becomes difficult to decide how much 
importance is to be attached to a particular 
morphological character. The case in point 
is the presence of wood parenchyma in the 
present species. As far as we know in none 
of the Southern Dadoxylon of Palaeozoic 
age (and perhaps in none of the Palaeozoic 
Dadoxylon of Northern hemisphere) the 
presence of xylem parenchyma is reported. 
Hence in D. barakarense its presence at 
once stands out as the most distinguishing 


feature. Earlier a new genus, Araucariopsis 
was instituted by Caspary (see SEWARD, 99, 
p- 79) for specimens distinguished from 
most examples of Dadoxylon by the pre- 
sence of scattered xylem parenchyma. But 
Gothan (90) and also Seward did not 
believe that this character was of sufficient 
importance as to warrant a new generic 
name. Will it not be more correct to regard 
that by its rarity (or even absence) in 
typical Dadoxylon of Palaeozoic age, the 
xylem parenchyma, if present, assumes an 
importance which merits recognition, espe- 
cially more so when it is absent in the living 
araucariaceae or the fossil cordaitales to 
which the form genus Dadoxylon is supposed 
to show affinities ? 

In D. barakarense the presence of wood 
parenchyma is coupled with the presence of 
wholly or partly biseriate medullary rays, 
although this condition is known in a few 
Palaeozoic species of Dadoxylon such as D. 
jhariense ( SURANGE & SAH, 956 ), D. whiter 
Maniero (944), D. bengalense ( HOLDEN, 
॥0॥0 0 कक Di parbeliense (Kao, 2377 D: 
romingerianum Arnold ( 93] ) and D. rhode- 
anum Goepp. Even a triseriate condition 
has been reported by Miner (936) in one 
species, D. steidmanii, from Northern Illinois. 
Although in Dadoxylon uniseriate condition 
of medullary rays is predominant, the 
biseriate condition is not uncommon. Much 


TEXT-FIG. 6—Tangential longitudinal section, show- 
ing medullary ray and wood parenchyma. x 250. 
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reliance, therefore, cannot be placed on this 
character. 

However, as in our specimen of D. bara- 
karense the pith and the primary xylem 
( which may provide some other distinguish- 
ing characters of sufficient merit as to 
warrant its generic separation from Dadoxy- 
lon) are absent and as the presence of 
parenchyma is included as a generic charac- 
ter of Dadoxylon by Seward ( 99, p. 72), 
we propose to relegate our specimen to the 
genus Dadoxylon for the present. 

As regards other Indian species of Dadoxy- 
lon, D. barakarense stands out alone by the 
possession of wood parenchyma. 

In the absence of pith and primary xylem 
in the specimen of D. barakarense a detailed 
comparison is not possible with D. indicum 
(HoLDEn, 97) and D.jhariense (SURANGE & 
SAH, 956), although the latter species comes 
from the same locality as D. barakarense. 
In the secondary wood D. indicum resembles 
D. barakarense in the number of field pits 
but differs in the absence of tangential 
pits, presence of only l-2 seriate radial pits 
and uniseriate medullary rays. D. jhariense 


resembles D. barakarense in the possession 
of -2 seriate medullary rays and tangential 
pits, but differs from it in short medullary 
rays, radial pits occasionally in more than 
three rows and 2-6 bordered pits in the 
field. 

D. bengalense (HOoLDEN, 97) differs 
from D. barakarense in the tendency towards 
grouping of bordered pits, uniseriate medul- 
lary rays and 2-7 half bordered pits in the 
field. D. zalesskyi (SAHNI, 933 ) resembles 
our specimen in possessing | to 4 field pits 
devoid of border, but differs in the low 
medullary rays and other details of the 
secondary wood. D. parbeliense ( RAO, 935 ) 
shows biseriate rays but they are very rare, 
whereas in D. barakarense they are com- 
paratively more common. Moreover, in 
D. parbeliense the radial pits are I-5 seriate. 

One of the younger species of Dadoxylon 
in which wood parenchyma is reported is 
D. septentrionale Goth. ( Triassic age). But 
apart from the age, it differs from D. bara- 
karense in possessing bordered pits in a single 
row, separate or arranged in stellate clusters 
and uniseriate meduliary rays. 
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EXPLANATION OF PLATE I 


. A part of stem in transverse section, showing 
the growth rings and the distorted secondary xylem 
due to ill-preservation.  X 35. 


‚2. Radial longitudinal section, showing field- 
pitting and tracheal pitting, typically of Araucarian 
iby Pea OO: 


& SAXENA — PLATE | 
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3. Tangential longitudinal section, showing the 6. Radial longitudinal section, showing truncated 


presence of wood parenchyma 


wood; and the medullary rays. x 00. 


4. Radial longitudinal section. 


in the secondary end cells of the xylem. x 00: 


7. Transverse section, showing spring wood com- 


Tracheids show- paratively much more developed than the autumn 
ing biseriate, opposite and separate pits. x 400. wood. x 60. 

5. Radial longitudinal section, showing wood- 8. Tangential longitudinal section, showing a 
parenchyma abundant and scattered. x 00. 3 cells high medullary ray in D. Jhariense. 


OCCURRENCE OF FOSSIL CYNOMETRA FROM THE 
CUDDALORE SERIES NEAR PONDICHERRY, INDIA 


G. K. B. NAVALE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper deals with the anatomical studies of a 
fossil dicot wood from the Cuddalore Series. The 
structural details of the fossil specimen show closest 
affinities with the genus Cynometra. The specimen 
is described as Cynometroxylon dakshinense sp. nov. 


INTRODUCTION 


OCKS of the Cuddalore Series are 
exposed in South India. They ex- 
tend from Pondicherry to Madura 

along the Coromandel Coast, and from 
Warkala (=Warkalli) to Ratnagiri on the 
West Coast. Also scattered patches of this 
Series are exposed in Rajahmundry, Andhra 
Pradesh. Rocks are principally mottled, 
ferruginous, argillacious and gritty sand- 
stones. The Cuddalore rocks have retain- 
ed both micro-and megafossils in various 
localities. Jacob (954), Rao (954) and 
Vimal (953) have reported number of 
spores and pollen grains from the lignites of 
the Cuddalore Series at South-Arcot and 
Warkalla. Apart from these microfossils a 
large number of fossil dicot woods have also 
been reported. Up till now the structural 
details of the woods of Leguminosae ( RAMA- 
NUJAM, 954), Dipterocarpaceae ( RAMA- 
NUJAM, 955), Combretaceae (NAVALE, 955; 
RAMANUJAM, 956), Sapindaceae ( NAVALE, 
956 ), Sonneratiaceae ( RAMANUJAM, 956 ) 
and Euphorbiaceae (RAMANUJAM, 956) have 
been described. Some woods of gymnosperms 
and palms have also been described; ( SAHNI, 
93i, RAMANUJAM, 954). The present 
paper records the occurrence of a fossil wood 
resembling the genus Cynometra Linn. 

The presence of abundant angiospermic 
remains in the Cuddalore sandstones doubt- 
lessly indicates its Tertiary age. According 
to Wadia (953), a greater part of it is 
believed to be of Pliocene age but some 
parts of it may be older. Krishnan ( 956 ) 
considers this Series to be Miocene in age. 
According to him these areas overlie a 
fairly complete Lower Tertiary succession 
though there is a stratigraphical gap of 


varying magnitude beneath them. As they | 


undoubtedly represent a marine transgres- |l] 
sion in the Mio-Pliocene, they are considered | 


to be of Upper Miocene or Pliocene age. 

The material was collected in the village 
Kashikuppam, near Pondicherry. The fossil ||} 
specimen is highly variegated. 


affinities. 


Cynometroxylon Chowdhury & 
Ghosh 946 


Cynometroxylon dakshinense sp. nov. 


The fossil is a diffuse porous wood. 

Growth rings are hardly visible to the 
naked eye. They are very indistinct. In 
some sections of the fossil specimen, growth 
marks are faintly indicated due to the 
differentiation in the fibre cells. 

Vessels are not clearly visible to the naked 
eye but can be easily recognized with the help 
of the hand lens (Pr. l, Fic. I). They are 
medium-sized, single or radial in groups of 
2-3, evenly distributed and with dark or 
whitish contents ( PL. l, Fic. 3). Vessels 
are thick-walled with somewhat oblique 
perforation. The inter-vessel pits are hori- 
zontal, small and many (PL. | Fic. 2) 
Vessel-ray pits and parenchyma pits are not 
visible due to the lack of preservation. 

Parenchyma is seen as tangential bands 
even without the help of the microscope 
(Pr. |, Fic. |), It is in concentric bands 
regularly alternating with fibre bands, result- 
ing into a succession which ıs very character- 
istic of the specimen (Pr. ॥ Fic. 3 TEXxT- 
FIG. Î). Parenchyma bands often enclose 
the vessels ( PL. , Fics. 3, 4; TExT-FIG. l ). 
Occasionally these bands bifurcate and join 
with another. The bands are mostly 3-6 cells 
thick with intercellular spaces (PL. , Fic. 4). 
The parenchyma is of apotracheal type. 

Rays are uniseriate or biseriate (Pr. l, 
Fie. 5; TEXT-FIG. 2). Uniseriate rays are 
many, each usually 22 cells high and made 


The preser- |]! 
vation is satisfactory and the internal details |} 
of the petrified wood clearly indicate its {|| 
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TEXT-FIG.  — Cynometroxylon dakshinense sp. nov. 
of vessels and the alternate bands of fibres and parenchyma. 


up mostly of procumbent cells (Pr. ], 
Figs. 5, 6; TEXT-FIG. 2). Biseriate rays are 
also common, 20-22 cells high and consist of 
mostly procumbent cells ( Pr. , Fics. 5, 6; 
TEXT-FIG. 2). Triseriate and multiseriate 
rays have not been observed. 

Fibres are indistinct and lack good pre- 
servation. They are in tangential bands alter- 
nating with parenchyma bands ( PL. , FIG. 3; 
TEXT-FIG. l). Fibre bands are also made up 
mostly of 5-6 cells (Pr. |, Fic. 3; TEXT-FIG. l) 
and at times up to l0 cells in thickness (PL. I, 
Fic. 4). Fibre pits could not be traced due 
to poor preservation of the cells. 


COMPARISON WITH THE LIVING 
SPECIES 


Important features of the fossil specimen 
are the diffused type of vessels which are 
solitary or radial in groups of 2 or rarely 3 
having uniform distribution, and the very 
characteristic tangential bands of paren- 
chyma and fibres which regularly alternate 
forming successive rows of almost equal 
width. Chowdhury & Ghosh (946) have 
grouped timbers having parenchyma and 
fibres in concentric and alternating bands, 
which in their opinion is a constant feature, 
into four main types. They are as follows: 


Fibre bands 


gS renchyma 
ands 


Transverse section, showing the distribution 
Sea TAY) 


GROUP | — Parenchyma cells form more 
or less a network with the wood rays 
and the irregular thin bands of paren- 
chyma alternate with thick bands, e.g. 
Juglans, Heritiera. 

Group 2— Thin bands of parenchyma 
alternate with thick bands of fibres and 
the parenchyma bands are narrower 
being 2-4 cells wide, whereas the fibre 
bands are broader, having 30 cells, e.g. 
Lophopetalum, Alstonia, etc. 

Group 3 — Parenchyma and fibre bands 
have equal width, e.g. Ficus, Bauhinia, 
Cynometra. 

GROUP 4 — Parenchyma bands are broad- 
er than the fibre bands, e.g. Erythrina, 
Pongamia, Sterculia. 

My specimen in view of the equal width 
of parenchyma and fibre bands refers to 
group 3 above. Chowdhury & Ghosh (loc. 
cit.) have listed timbers of 6 families 
with 40 genera in this group. Among 
these, the woods of Guttiferae (Garcinia, 
Kayea, Rheedia and Symphonia) resemble my 
specimen in having fibre and parenchyma 
bands of equal width. However, they differ 
distinctly in having broad and high rays. 
Few members of Urticaceae ( Ficus, Malatsia 
Aphananthe ) are also comparable with the 
fossil as they too have fibre and parenchyma 
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bands of equal width, but the large variation 
in the size of the vessels, rays and the pre- 
sence of tracheids keep them apart. Ter- 
minalia belerica although possesses alternate 
bands of parenchyma and fibres, yet it 
differs conspicuously in having exclusively 
uniseriate rays and vestured pits. Among 
the many comparable genera of Meliaceae, 
only Amoora and Chisocheton are considered 
as the others differ distinctly in many 
features. Even these two genera can be eli- 
minated due to the fundamental differences 
in the nature of rays and pits. The genus 
Cordia agrees in many features with the 
fossil specimen but differs in having broad 
and high rays. In Leguminosae, Bauhinia, 
Erythrina, Pongamia, Cynometra, Clitoria 
and Baphia are comparable with my fossil. 
The genera Erythrina and Pongamia can be 


eliminated as they have thicker parenchyma 
bands (IV Group: CHOWDHURY & GHOSH, 
946). Also Bauhinia can be discarded due 
to its characteristic ripple marks. Consider- 
ing the remaining three genera, namely 
Baphia, Clitoria and Cynometra, the present 
fossil does not match with Clitoria, as the 
later distinctly possesses two distinct types of 
vessels; one large and the other small. 
Similarly Baphia can be excluded as it pos- 
sesses homogeneous and storied arrangement 
of ray cells. It is only with Cynometra that 
the fossil under investigation resembles in 
most of the anatomical details. Comparisons 
made with the sections of the Indian species 
of Cynometra ( Cynometra ramiflora, C. poly- 
andra, C. travancorica) and with the ana- 
tomical details of Cynometra spp. described 
by Metcalfe and Chalk ( 95] ), Chowdhury 


TEXT-FIG. 2 — Cynometroxylon dakshinense sp. nov. 


and biseriate rays. x ca. 40. 


Tangential section, showing the uniseriate 
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932), 200 9945, 946 ), Chowdhury & 
Ghosh ( 946 ), Dadswell & Eckersley (938 ), 
Gamble (922), Kanehira (00220 020) 
Moll & Janssonius ( 906, 928), Pearson & 
Brown (932) and Henderson (953 ) 
clearly indicate that the fossil specimen 
resembles the genus Cynometra, in particular 
C. polyandra, in most of the anatomical 
details. The generic name Cynometroxylon 
has been proposed by Chowdhury & Ghosh 
( 946 ) for fossil woods resembling Cyno- 
metra. As such the present fossil specimen 
is referred to the genus Cynometroxylon. 


COMPARISON WITH THE FOSSIL 
SPECIMENS 


Cynometroxylon indicum (CHOWDHURY & 
GHosH, 946), described from Nailalung, 
Assam, is the only species described from 
India. Cynometroxylon indicum (CHow- 
DHURY & GHOSH 4946 ) shows many simi- 
larities with the present fossil. These re- 
semble each other in having equally wide, 
regularly alternate, parenchyma and fibre 
bands as well as small and solitary type of 
vessel. In spite of these similarities they 
differ in some distinct features. In C. 
indicum terminal parenchyma is present, 
parenchyma bands 3-9 cells thick and fibre 
bands 5-9 cells thick; rays are l-4 seriate, 
usually biseriate, and the uniseriate rays are 
rare. Cells of the rays are highly hetero- 
geneous. Uniseriate rays are of two types. 
One type is composed of only upright cells 
and in the other type both upright and 
procumbent cells are common. Biseriate 
rays are mostly heterogeneous with upright 
cells at the ends of the rays. Linking up of 
some uniseriate rays as well as that of uni- 
seriate and biseriate rays is also found. 
Considering these features, in my fossil 
specimen the rays are medium in height, 
uniseriate rays are as common as biseriate 
rays and they are made up mostly of pro- 
cumbent cells, i.e. homogeneous. Biseriate 
rays are also medium in height (20 cells 
high ), and the linking of rays is absent. 
Apart from these qualitative differences, 
absence of terminal parenchyma, and the 
thinner nature of the bands ( 4-6 cells high ) 
as well as the difference in vessel dimension 
is also striking. However, few other fossil 
woods of somewhat similar type have also 
been reported from this country. Gutti- 
feroxylon indicum ( RAMANUJAM, 954), G. 
speciosum, G. surangeii, and G. spp. ( UTTAM 


PRAKASH, 956) show some similarities 
with the present fossil but the nature of the 
rays which are abundant and higher and the 
parenchyma and fibre bands which are of 
unequal width eliminate them. Kayeoxylon 
assamicum (CHOWDHURY & TANDON, 949 ) 
resembles in the arrangement of parenchyma 
and fibre bands. However, it differs in the 
nature of pitting, rays and vessels. In 
Kayeoxylon assamicum vessels are large, 
radial with oblique type of arrangement. 
The pits in the fibre walls are abundant, 
with round border and verticle or oblique 
orifice. Terminalioxylon sahnii ( NAVALE, 
956) described from South India neither 
shows any regular succession of parenchyma 
and fibre bands nor heterogeneous rays. 

The present fossil specimen has also been 
compared with such fossil woods as have 
been described from outside this country 
and show resemblance. Symphonioxylon 
stefanint and S. scec-gurensis ( CHIARUGI, 
933 ), Guttiferoxylon symphonioides ( KRAU- 
SEL, 922 ), G. fareghense ( KRAUSEL, 939 ), 
G. garciniordes ( HOFFMANN, 944 ), G. plato- 
niordes and G. compactum ( SCHÖNFELD, 947 ) 
and G. prambachense (HOFFMANN, 952 ) 
show similarities in the nature and arrange- 
ment of apotracheal parenchyma and fibre 
bands. But in all the above fossils, vessels 
are very big in size, and rays are very high in 
contrast to the present fossil where vessels 
are small and the rays are short. G. saha- 
vianum (BOUREAU, 952) conspicuously 
differs in the nature of parenchyma, fibres 
and other details. Ficoxylon blanckenhornit, 
F. cretaceum, F. spp. ( KRAUSEL, 939 ) and 
F. spp. ( HOFFMANN, 952 ) also do not com- 
pare in the nature of vessels which are dis- 
tinctly very big and the rays which are com- 
posed of large number of cells in height. 
Celastroxylon celastroides ( KRAUSEL, 939 ) 
is eliminated as it does neither agree with 
the fossil in the nature of rays nor in the 
arrangement of bands. 

Detailed comparative studies with the 
fossil woods described so far indicate clearly 
that my specimen differs from all in many 
respects and hence is separated into a new 
species Cynometroxylon dakshinense sp. nov. 


Cynometroxylon dakshinense sp. nov. 


A diffuse porous wood. 

Growth-rings — Indistinct. 

Vessels — Small, solitary or radial of 2 or 
3, tangential diameter 08 u, radial diameter 
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80 u, filled with dark contents; shape ellip- 
tical; perforation plate simple; intervessel 
pits minute, in horizontal rows; vessel ray 
and parenchyma pits not visible. 

Parenchyma — Distinct, in regular concen- 
tric bands alternating with fibres; apotra- 
cheal type, partially or totally encircling 
vessels; bands often bifurcate ; mostly 4-6 cells 
thick, each cell 8 u in diameter, intercellular 
spaces present. 

Rays — Moderately numerous, uniseriate 
and biseriate rays equally common, usually 
22 cells high, ray cells mostly procumbent in 
uniseriate as well as biseriate type. 

Fibres — Banded, alternating with paren- 
chyma bands, mostly 5-6, sometimes up to 


0, fibre cells angular, small in cross-section, 
fibre pits indistinct. 

Holotype — No. 2638 at the Museum 
of the Birbal Sahni Institute of Palaeo- 
botany. 
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EXPLANATION OF PLATE Il 


Cynometroxylon dakshinense sp. nov. 


l. Cross-section, showing the gross features of the 
wood. x 3. 

2. Tangential section, showing the inter-vessel 
pits. Note the size, shape and arrangement of pits. 
2250. 

3. Transverse section to show the distribution of 
vessels, their contents, alternate bands of fibres and 
parenchyma cells. x 35. 


4. Transverse section magnified to show the 
arrangement of parenchyma and fibre cells. 
2000, 

5. Tangential section, showing the uniseriate, 
biseriate and homogeneous nature of rays and their 
distribution. x 00. 

6. Radial section, showing the nature of ray cells. 
x 00. 
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INTERTRAPPEAN 
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ABSTRACT 


Two fossil woods belonging to Euphorbiaceae 
and Simarubaceae are described here from the 
Deccan Intertrappean Series of Madhya Pradesh. 
The first, Glochidioxylon sahnii belongs to Bharat- 
wada (2° 4’ N.; 79° (’ E.) and the second, Atlan- 
thoxylon indicum is from the well-known locality 
of Mohgaon Kalan (22° l’N.; 79° [॥ ००)ै 


INTRODUCTION 


two new 


T HE present paper describes 
I Euphor- 


fossil woods belonging to 

biaceae and Simarubaceae collected 
from the Deccan Intertrappean beds of 
Madhya Pradesh. The first described as 
Glochidioxylon sahnii belongs to Bharatwada 
(2 0 4’ N.; 79° l'E.) and the second, Azlan- 
thoxylon indicum, was collected from the 
locality of Mohgaon Kalan. 

From the Deccan Intertrappean Series, so 
far only a few dicot woods have been reported 
( RODE, 936; VARMA, 950; PRAKASH, 956, 
957; SHALOM, 959). However, from other 
Tertiary formations of India a number of 
dicot woods are known. 


DESCRIPTION 
Family — Euphorbiaceae 
Genus — Glochidioxylon Ramanujam 
Glochidioxylon sahnii sp. nov. 


The fossil wood shows only secondary 
xylem. The specimen is about 8 cm. in dia- 
meter and 9 cm. in length. It shows the 
structure of a diffuse-porous wood. 

Growth-rings are feebly marked and can be 
detected only in some parts of the wood. 

Vessels are visible as empty holes under a 
hand lens. They are thin-walled, moderately 
numerous and small in size. They are some- 
times solitary but mostly in radial groups 
(Pr. {, Fic. |) The radial groups of 2-5 
vessels are very common. The solitary 
vessels are oval in shape, while those in the 
radial groups are usually tangentially flat- 


2 


tened due to mutual pressure ( PL. l, FIG.  ). | 
Tyloses are commonly present in the vessels 
(Pr. |, Fic. 2). Perforations are simple | 
and the perforation plates are generally | 
horizontal to slightly inclined. Intervessel | 
pits are bordered and more or less alternate 
(Pi. ।7 Fie. 4; कम Theyeane 
medium-sized. Their aperture is linear and 
the border appears to be oval. The border 
of the intervessel pits is not very clear due 
to poor preservation. Vessel-ray pitting is 
simple; the pits are circular and many per 
cell ( TEXT-FIG. 2). Vessel-parenchyma pits 
are not seen. 

Wood parenchyma is very scanty. It is 
(Pr. ॥ Fic. 5; TEXT-FIG. 3) mostly found 
as scattered cells among the fibrous ground 
mass of the wood but sometimes it also occurs 
in association with the vessels. In cross- 
section, the parenchyma cells are oval. They 
are usually empty but sometimes they 
contain a black deposit. In longitudinal 
sections, these cells can be more easily dis- 
tinguished by the presence of horizontal 
partitions. The pits to parenchyina cells 
could not be detected due to poor preserva- 
tion. 

Xylem rays are indistinct to the naked eve, 
but with a hand lens they are visible as 
radiating lines on the transverse surface of 
the wood... They are (| Fie. 3) tey 
seriate (mostly uniseriate and 4-7 seriate ), 
closely spaced and markedly heterogeneous 
(Pr. ॥, Fic. 6). They exhibit a good 
variety in the proportion and arrangement 
of the vertical cells to the procumbent cells. 
They are of two distinct sizes, few mode- 
rately broad rays with a number of fine 
rays in between them (Pr. + Fics. ॥ 2) 
They are only few tracheids apart, and 
usually touch the vessel-walls ( PL. |, Fic.  ). 
Uniseriate rays are common, while both the 
biseriate and triseriate rays are very rare. 
The broad rays (4-7 seriate ) are also com- 
monly present (Pr. ॥ Fics. की, 2). Te 
uniseriate rays are composed of either up- 
right cells or both upright and procumbent 
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Glochidioxylon sahnii sp. nov. 


( Semi-diagrammatic camera lucida sketches ) 


TEXT-FIGS. -3 — l, magnified intervessel pits. 
x 373. 2, radial longitudinal section, showing 
vessel-ray pitting. x 386-5. 3, cross-section, show- 
ing the distribution of parenchyma (p). v, vessel, 
T, ray. x 80. 4, uniseriate ray, showing up- 
right cells only. x {0. 5, another uniseriate ray, 
showing both upright and procumbent cells. x 0. 
6, biseriate ray, showing both upright and procum- 
bent cells. x .0. 7, triseriate ray, showing both 
upright and procumbent cells. x i0. 8, tetra- 
seriate heterogeneous ray. :५+/॥॥0,. 9, another 
tetraseriate heterogeneous ray. x i0. 0, 5- 
seriate heterogeneous ray. x i0. i4, 6-seriate 
heterogeneous ray. x 0. 2, 7-seriate hetero- 
geneousray. X 40. 3, fibres under high magni- 
fication; note their size and shape. x 290. 
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cells ( TEXT-FIGS. 4, 5). The second type 
of uniseriate rays are rare. The biseriate 
rays are formed of both upright and procum- 
bent cells ( TEXT-FIG. 6). The multiseriate 
rays (3-7 seriate) are also made up of up- 
right and procumbent cells (Pr. |, Fic. 3; 
TEXT-FIGS. 7-]2). The multiseriate ıays 
consist of marginal rows of upright cells or 
both upright and procumbent cells at each 
end and wholly of procumbent cells through 
the central portion or with upright cells 
along the flanks ( TEXT-FIGS. 7-]2). Some- 
times a multiseriate ray shows upright cells 
at only one end ( TEXT-FIG. 2). There are 
usually -4 rows of upright cells at the uni- 
seriate ends of the multiseriate rays. The 
procumbent cells show variation in size and 
form when seen in the tangential plane 
(Pr. , Fic. 3). The rays show consider- 
able variation in their height. A few are 
only 4 cells high while others are as many 
as 82 cells high. The ray cells are thin- 
walled and usually contain a black deposit. 

Wood fibres in general are not well pre- 
served. However, at some spots they show 
satisfactory preservation. The fibres are 
(Piz I, Pie} TEXT RIG.e ovale 
slightly angular in cross-section. They are 
semi-libriform to libriform and typically 
septate although the septa are often not 
clearly seen. They show marked variation 
in their size. Individual fibres show gradual 
tapering and they appear to be long to 
medium in length. Inter-fibre pits could 
not be seen. 

Ripple marks are absent. 

Gum canals are absent. 


COMPARISON AND DISCUSSION 


So far only a few fossil woods of the family 
Euphorbiaceae are known both from India 
and abroad. The present fossil wood shows 
such a combination of characters that it 
stands quite apart from all the species of 
Euphorbiaceous fossil woods so far recorded. 

The species Euphorbioxylon kräuseli Pra- 
kash ( 957 ) also, described from the Deccan 
Intertrappean Series, differs markedly from 
this Bharatwada fossil wood. Thus, E. 
kräuseli differs from this wood in having 
distinctly vestured intervessel pits, limited 
paratracheal parenchyma, |-3 seriate xylem 
rays and in the absence of tyloses. 

Glochidioxylon  tertiarum Ramanujam 
(956 ), described from the Tertiary rocks 
(? Cuddalore Series) of South India, is 
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similar to Glochidioxylon sahnii in the nature 


of growth-rings, size and arrangement of the | 


vessels, and to a less extent in the nature of 
parenchyma and the fibres. However, Glo- 
chidioxylon tertiarum also differs from 
G. sahnii in the absence of tyloses and in 
having ]-4 seriate, heterogeneous xylem rays 
with [-6 marginal rows of vertical cells. In 
G. sahnii the multiseriate rays also possess 
vertical cells along the flanks which are 
absent in G. tertiarum. 

Phyllanthinium pseudo-hobashiraishi Ogura 
(Ocura, 932; Warart, 943) from the 
Tertiary of Japan differs from Glochidioxylon 
sahnit in having crystalliferous elements in 
the parenchyma, and in much shorter, 4-4 
seriate, heterogeneous to homogeneous me- 
dullary rays. 


All other Euphorbiaceous fossil woods, 


viz. Euphorbioxylon speciosum Felix ( 883 ), 
Dryoxylon drypeteoides Bancroft ( l932b ), 
Euphorbioxylon lefrancii Boureau (95l), 
Heveoxylon microporosum Kruse (954), 
Putranjivoxylon  puratanam 

(956 ), and Bridelioxylon cuddalorense Rama- 
nujam (956), differ markedly from the 
present fossil in a number of features. 


Comparison with the Living Species — | 


The fossil wood described here is charac- 
terized by the following characters: vessels 
usually small in size, sometimes solitary but 
commonly in radial groups of 2-5 cells and 
tylosed. Intervessel pits, medium-sized, 


oval, bordered and more or less alternate. | 


Perforations simple and perforation plates 
usually horizontal to slightly inclined. Fibres 
thick-walled and septate. 
scanty, mostly scattered, often paratracheal. 
Rays l-7 cells wide, markedly heterogeneous, 
closely spaced, of two distinct sizes, few 
moderately broad rays with numerous fine 
rays in between them. There is no single, 
salient structural feature in this fossil wood, 
which, if considered alone, may help in its 
identification. The form, structure and dis- 
tribution of the wood parenchyma, of the 
vessels, of the fibres, and of the rays are of 
types which occur in remotely related orders 
and families. The only method of deter- 
mining its affinities is the laborious one of 
searching for similar combinations of ana- 
tomical characters in extant dicotyledons. 
This combination of characters is met with 
in varying degrees in Rubiaceae, Corylaceae, 
Elaeocarpaceae, Flacourtiaceae, Pittospora- 
ceae, Tiliaceae and Euphorbiaceae, especially 
the last four families with which a detailed 


Ramanujam | 


q 
Parenchyma | 


| 
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comparison of the fossil wood has been 
made. 

The woods of Flacourtiaceae resemble the 
fossil wood in only some features, but differ 
greatly in having scalariform perforations, 
and in possessing only scanty paratracheal 
parenchyma ( METCALFE & CHALK 950, 
Vol. , pp. 6-i27). The parenchyma is 
often also absent in the members of the 
family Flacourtiaceae. 

The woods of Pittosporaceae resemble our 
fossil in a number of features but differ from 
it in having almost homogeneous xylem rays 
as against the markedly heterogeneous rays 
in the fossil wood ( METCALFE & CHALK, 950, 


Vol. ], pp. 28-3). 


In Tiliaceae, the fossil wood approaches 
the species Echinocarpus dasycarpus in gene- 


| ral features but differs from it in the nature 


of parenchyma, which is very sparse, meta- 


| tracheal and diffuse in E. dasycarpus ( PEAR- 


son & Brown, {932, Vol. | 9 pp. i80, 8], 


| Fig. 66) against scanty, mostly scattered, 
' sometimes paratracheal parenchyma in the 
_ present fossil. 


the fossil. 


However, the family Euphorbiaceae shows 
sumilar combinations of characters as seen in 
On the basis of their anatomical 


characters, the woods of this family are 


classified under four heads. 


All these groups 


| show marked differences in parenchyma pat- 
' tern and medullary ray characters. 


It is with the wood-type of the Glochidion 


| group of family Euphorbiaceae that the 


' present fossil wood resembles most. 


The 


| Glochidion group of woods are characterized 
by simple perforations, typically septate, 

thick-walled fibres, markedly heterogeneous 
rays ( the ray cells commonly filled with dark 


| 


| 


deposits), and very scanty parenchyma. 
This group of Glochidion-type of woods in- 
cludes a number of genera, e.g. Bischofia, 
Glochidion, Phyllanthus, Antidesma, A poro- 


sella, Hymenocardia, Acalypha, Bridelia and 
Cleistanthus. 


Out of these genera Bridelia and Cleistan- 
thus can be distinguished at once by the 


_ presence of vestured pits on the vessel-walls 
and usually fine medullary rays, generally I-3 


seriate ( rarely even up to 5-seriate ) ( PEAR- 
son & Brown, i932, Vol. 2, 9. 876). 

A comparison with other genera of Glo- 
chidion-type of wood reveals that the fossil 
approaches quite closely the genera Glochi- 
dion and Antidesma, particularly the last 
one ( JANSSONIUS, 930, Vol. I0, pp. 505-547, 
Fic. 320; Janssonius, 934, Vol. I, pp. 628- 
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640, Fic. 327; METCALFE & CHALK, 9०७5० 
Vol. 2, pp: 02 20/02/2270 ॥ (० 293C, 293E; 
KANEHIRA, [924॥, pp. 48, 49). I have also 
cut and examined sections of the species 
Glochidion velutinum and Antidesma dian- 
drum. 

In Antidesma which approaches the fossil 
in a number of characters, the species A. 
diandrum and A. bunis ( JANSSONIUS, 4934, 
Vol. il, pp. 628-635, Fic. 327) are worth 
mentioning, because they resemble the fossil 
more than any other species. The resem- 
blance is in the presence of radial groups of 
vessels, thick-walled, septate fibres, nature 
of parenchyma and heterogeneous xylem 
rays, which are of two distinct sizes, few 
moderately broad rays with numerous fine 
rays in between them. In A. bunis ( JAN- 
SSONIUS, 9349 ७४.॥॥ ४ pp. 632, 633) even 
the range in size of the vessels ( R. 50-30 u, 
T. 30-l0 u) is somewhat similar to that 
of the fossil wood ( R. 45-8 u, T. 48-00 y ). 

However, the above two species also differ 
from the fossil wood in some characters, 
particularly in the frequency of the vessels, 
which are much more closely placed ( espe- 
cially in A. diandrum ) and the radial groups 
are not so very common as in the fossil 
specimen. In addition to this, there are a 
number of other differences in details 
between the two. 

It can, therefore, be said that the present 
fossil is an Euphorbiaceous wood, showing 
the wood structure of Glochidion group 
(except genera Bridelia and Cleistanthus, 
which possess vestured intervessel pits ) and 
resembling the genera Glochidion and Anti- 
desma, particularly the last one; although 
none of them are quite the same as the fossil 
in each and every respect. As such the fossil 
wood is included in the genus Glochidioxylon 
Ramanujam (956). This generic name 
indicates a strong similarity of the fossil 
with the wood of Glochidion group of the 
section Phyllanthordeae in the family Euphor- 
biaceae. The fossil is specifically named as 
Glochidioxylon sahnii after the late Professor 
Birbal Sahni, with whom the author was 
associated as a student. 

Diagnosis — Growth-rings faintly marked. 

Vessels moderately numerous, 24-50 per 
sq. mm., usually small in size, 48-l00 u in 
tangential diameter, 45-l8 uw in radial dia- 
meter, sometimes solitary, mostly in radial 
groups of 2-5 vessels, thin-walled, oval or 
tangentially compressed; mean vessel mem- 
ber length up to l80 u; tyloses present; 
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perforations simple, perforation plates hori- 
zontal to slightly inclined; intervessel pits 
medium-sized, bordered, aperture linear and 
border oval; vessel-ray pits simple; vessel- 
parenchyma pits not seen. 

Wood parenchyma scanty, mostly scat- 
tered, often paratracheal, occurs mostly 
as solitary cells; cells oval, 6-20 u in 
diameter. 

Xylem rays numerous, closely arranged, 
3-5 per millimetre, markedly heterogeneous, 
fine to moderately broad, l-7 seriate ( mostly 
uniseriate and 4-7 seriate), 6-i28 u in 
width; 4-82 cells in height, 224-]840 u in 
length; uniseriate rays formed of upright 
cells or both upright and procumbent cells; 
biseriate rays composed of both upright and 
procumbent cells; multiseriate rays also 
possess both upright and procumbent cells, 
usually with l-4 rows of upright cells at the 
uniseriate ends and procumbent cells in the 
multiseriate part or with some upright cells 
along the flanks; ray cells thin-walled, 
usually contain a black deposit. 

Wood fibres semi-libriform to libriform, 
oval to slightly angular, and arranged in 
radial rows; typically septate; probably long 
to medium in length; 6-32 u in diameter. 

Locality — Bharatwada, Nagpur District, 
Madhya Pradesh. 

Type Specimen — B.S.I.P. Museum No. 
0363. 


Family — Simarubaceae 


Genus — Ailanthoxylon gen. nov. 


Atlanthoxylon indicum sp. nov. 


The fossil wood is represented by two 
small specimens. The figured specimen is 
6 cm. in length and 5 cm. in diameter. The 
fossil shows the structure of a diffuse-porous 
wood. 

Growth-rings are indistinct. 

Vessels are visible to the naked eye as 
minute dots on the transverse surface of the 
wood. They are moderately thick-walled, 
usually large, often medium-sized (Pr. 2, 
Fics. I2, 3), moderately numerous and 
evenly distributed. The vessels are mostly 
isolated (Pr. 2, Fic. ॥5 ) often in pairs 
(5 per cent) and very rarely in groups of 
3 cells. The vessels (Pr. 2,.Fies. ॥॥ 33 ) 
are round to oval in cross-section. They are 
usually empty but often some brown or 
black substance is present in them ( PL. 2, 
Fics 0, 2). Perforations are simple and 


the perforation plates are horizontal or ||] 
inclined. Intervessel pits are moderately ||] 
large, usually alternate, oval or hexagonal ||} 
through crowding (Pr. 2, Fic. 9). The ||} 
aperture is usually lenticular. Vessel-ray pits | 
are not very well seen. 
simple, small, rounded and many per cell 
(Text-Fic. i4). Vessel-parenchyma pits are 
similar to intervessel pits. 

Wood parenchyma can be easily located 
by a hand lens as fine lines running tangen- | 
tially on the cross-surface of the wood 
(Pr. 2, Fic. 2). It is usually of aliform- 
confluent type with an occasional presence | 
of metatracheal parenchyma ( PL. 2, Fic. 3; 
TEXT-FIG. 45). The short lateral extensions | 
of the aliform parenchyma usually connect | 
with the parenchyma from other vessels | 
thus becoming confluent at most of the | 
places. The metatracheal parenchyma, how- 
ever, forms short bands, only few cells 
thick, which extend tangentially and con- 
nect wood rays or end abruptly ( TExT- | 
FIG. 5 ). 


narrow to moderately broad and up to 7 cells 
thick in their thickest part (PL. 2, Fics. 
ll,3). Usually the parenchyma bands are {| 
3-5 cells thick. Frequently they are only {| 
2-3 cells thick. When the parenchyma en- 


circles the vessels, the parenchyma sheath, {|} 


thus formed, is usually in I-2 layers ( rarely 
in 3 layers ) of cells ( Pr. 2, Fie. 3). "Tas 


parenchyma cells are thin-walled, oval or || 


tangentially elongated (Pr. 2, Fic. 4]). | । 


Pits between the parenchyma cells are not {|} 
seen in the present specimen because of their 


bad preservation. 


Xylem rays are quite prominent on the jf 


transverse surface of the wood. They are | 
l-6 seriate ( mostly 4-5 seriate, exceptionally | 
6 seriate ) ( PL. 2, Fic. 8), somewhat closely | 
spaced, and homogeneous (Pr. 2, Fic. 7). | 
They are more or less fusiform in shape ( PL. | 
2, Fic. 8). The uniseriate as well as the | 
biseriate rays are rare. 
wholly composed of procumbent cells ( TExT- 
FIGS. 6, 7). The broad rays are quite | 
prominent in the tangential sections. They || 
are also composed of only procumbent cells ||) 
( Pr. 2, Fic. 8; Text-Fics. 8-2). The ray 
cells show different size ( Pr. 2, Fic. 8) and | 
shape. They are oval to angular in tangen- | 
tial section. In most of the ray cells some 
black substance is often present ( Pr,223 
Fic. 8). The rays vary in height. A few 
are only 2 cells high, while others are as many | 


However, they are ||| 


The tangential parenchyma bands |] 
(which often run for a short distance) are {|| 


Both of them are | 
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Ailanthoxylon indicum gen. et sp. nov. 
( Semi-diagrammatic camera lucida sketches ) 


TEXT-FIGS. 4-2] — ]4, l.s. of a vessel showing vessel-ray pitting. X 240. 5, cross-section shows 
ng the distribution of parenchyma (p). v, vessel, r, ray. x 8. 6, uniseriate ray with only pro- 
umbent cells.  46-5. 7, homogeneous bi-seriate ray. x 46-5. 8, homogeneous triseriate ray. 
 [46-5., 9, homogeneous tetraseriate ray. x 46:5. 20, homogeneous 5-seriate ray. x {46:5. 2, 
omogeneous 6-seriate ray. x {46:5. 
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as 54 cells high. 
not seen. 

Wood fibres are poorly preserved and it is 
only at some places, where the section is 
quite thick, the thickness of the fibre-walls 
can be seen. They are non-libriform, non- 
septate ( Pr. 2, Fic. 8) and oval to angular 
in cross-section ( PL. 2,7 Fires? MI MS) anne 
lumen of the fibres is quite big. The fibres 
are usually arranged in distinct radial rows 
(Pr 2; Fic.-33).. The imter-fbtre pits are 
not very conspicuous. In some of the fibres 
they appear to be simple. 

Ripple marks and gum canals are absent. 


Pits of the ray cells are 


COMPARISON AND DISCUSSION 


So far only a few fossil woods of the family 
Simarubaceae are known from the Tertiary 
formations. They are Simarubinium crystal- 
lophorum ( PLATEN, 907) and S. Engelhardti 
( PLATEN, 907 ) from the Tertiary of Nevada 
County, California, Suriana inordinata 
( Kruse, 954) from the Eocene of Eden 
Valley, Wyoming and Simarubaceoxylon 
mahurzari (SHALLOM, 959) from the Dec- 
can Intertrappean beds of Mahurzari near 
Nagpur. 

The present fossil wood shows such a com- 
bination of characters that it can be easily 
distinguished from all the species of Simaru- 
baceous fossil woods so far recorded. 

Simarubaceoxylon mahurzari  Shallom 
(959) from the Deccan Intertrappean 
Series, while resembling our fossil in some 
characters, differs from it in having small to 
medium-sized vessels, in the presence of 
diffuse parenchyma in addition to that pre- 
sent about the pores with lateral extensions 
and in possessing 2-7 seriate and {-70 cells 
high medullary rays. 

All other fossil woods belonging to Sima- 
rubaceae, viz. Simarubinium crystallopho- 
rum, S. Engelhardti ( PLATEn, 907) and 
Suriana inordinata ( Kruse, 954), differ 
markedly from the present fossil in a number 
of features. 

Comparison with the Living Species — The 
fossil wood described here possesses following 
characters: Vessels large to medium-sized, 
mostly solitary, often in pairs. Intervessel 
pits moderately large, usually alternate, oval 
or hexagonal through crowding, the aperture 
being usually lenticular. Perforations sim- 
ple and perforation plates horizontal or 
inclined. Wood parenchyma aliform-con- 
fluent and occasionally metatracheal, with 
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tangential parenchyma bands usually 3-5 
cells thick. Fibres non-libriform and non- 
septate. Xylem rays I-6 cells wide and 
homogeneous. The characters of the wood 
mentioned above are such that they are met 
with in varying extents in the members of 
the families Sabiaceae, Verbenaceae, Gutti- 
ferae and Simarubaceae, especially in the 
last two. ः 

In the family Sabiaceae, the species Meli- 
osma ferruginea (MOLL & JANSSONIUS, 908, 
Vol. 2, pp. 428-434, Fic. 34), while resem- 
bling our fossil in some characters, differs 
from it in the heterogeneous nature of xylem 
rays and in having mostly paratracheal 
parenchyma (loc. cit., Fic. 34). Some- 
times the parenchyma in M. ferruginea ıs 
also of metatracheal type. 

In the family Verbenaceae, the species 
Gmelina arborea ( PEARSON & Brown, 932, 
Vol. 2, pp. 799-60|/ Fic. 252) approaches 
the present fossil in the general structure of 
the wood. However, in the presence of 
radial groups of vessels and in l-5 seriate, 
somewhat heterogeneous xylem rays, G. |i) 
arborea differs markedly from our fossil jj) 
wood. IN 


is only slightly comparable to the genera 
Symphonia and Garcinia, especially to the 
latter. However, in Symphonia the tangen- 


tial parenchyma bands are more regular, ‚I 


continuous and broad ( BANCROFT, .932a; 


HENDERSON, 953 ) even almost equal to the |] 


alternating zone of fibres in Symphoma glo- | 
bulifera ( BANCROFT, 932a, Pr. I2, Fic. 6; 
HENDERSON, 953, p. 29, FiIc 725) 

On the other hand, the species of Garcinia 
also differ from the present fossil wood in a 
number of features particularly in the pre- 
sence of numerous, regular apotracheal bands | 
of parenchyma ( METCALFE & CHALK, 950, 
Vol. I, p. 74; Mott & JANssontus, 906, 
Vol. l, pp. 256-272; KANEHIRA, i924b, pp. 
4, 5; CHowDHURY & GHosH, 947, 0:७० 
GAMBLE, 902, pp. 49-55). 
family Guttiferae can be easily eliminated. 

However, the family Simarubaceae shows 
similar combinations of characters as seen 
in the fossil wood. A comparison of the 
Intertrappean fossil with the various mem- 
bers of the family Simarubaceae has revealed 
that it approaches the genera Simaruba and 
Ailanthus, and it is with the wood type 
of Atlanthus that the present fossil agrees 
most closely ( METCALFE & CHALK, 950, Vol. 
l, pp. 37-325; HENDERSON, 953, p. 68; 


In the family Guttiferae, the fossil wood I 


Therefore, the | | 


PRAKASH — STUDIES IN THE DECCAN INTERTRAPPEAN FLORA 9 


PEARSON & Brown, 932, Vol. l, pp. 24, 
2]5; KANEHIRA, 924b, pp. 5, 6; Mort & 
JANssonius, ।000 Vol. 2, pp. 77-83). The 
resemblance occurs in all the major anato- 
mical features, viz. pore distribution and 
size, intervascular pitting, perforations in 
the vessels, ray characteristics and the type 
of wood parenchyma and the fibres. I have 
also cut and examined sections of the species 
Atlanthus excelsa, A. grandis and A. malaba- 
rica. The fossil wood approaches somewhat 
more nearly the species A. malabarica and 
A. grandis but none of them are almost 
identical to the present fossil. 

The genus Azlanthus is almost entirely 
tropical and represented by three species 
in India, viz. A. malabarica, A. grandis 
and A. excelsa. The species A. excelsa has 
a wide distribution being indigenous in Cen- 
tral and Southern India and the Western 
Peninsula. It is also extensively cultivated 
in many parts of India in the vicinity of 
villages (PEARSON & Brown, 932, Vol. l, 
p. 24 ). 

Name of the Fossil and Diagnosis — Since 
our specimen shows a marked resemblance 
with the modern genus Atlanthus of the 
family Simarubaceae, a new generic name 
Atlanthoxylon has been proposed for the 
present fossil. It is specifically named as 
Atlanthoxylon indicum. 


Atlanthoxylon gen. nov. 


A diffuse porous wood. 

Growth-rings indistinct. 

Vessels large to medium-sized, mostly 
solitary, often in pairs, moderately thick- 
walled, round to oval in cross-section; 
vessels usually empty, often filled with 
brown or black gummy deposits; vessel- 
segments short, truncate; perforations simple 
nearly horizontal to oblique; intervessel pits 
moderately large, alternate, border usually 
hexagonal, aperture usually lenticular; 
vessel-ray pits not well preserved, appear 
simple, small, rounded and many per cell. 

Wood parenchyma not visible to the naked 
eye; usually of aliform-confluent type with 
occasional presence of metatracheal paren- 
chyma; tangential parenchyma bands usually 
short in length, narrow to moderately broad 
(up to 7 cells thick); paratracheal paren- 
chyma sheath -3 layered; cells thin-walled, 
oval or tangentially elongated in cross- 
section. 


Xylem rays uniformly distributed, mode- 
rately numerous, somewhat closely packed; 
l-6 seriate (mostly 4-5 seriate, rarely 6 
seriate ), 4-54 cells high, more or less fusiform 
in shape; homogeneous with oval to angular 
cells, often filled with a dark deposit. 

Wood fibres non-libriform, oval to angular 
in cross-section, arranged regularly in radial 
seriations; wall thin and lumen quite big; 
typically non-septate; short to medium in 
length; inter-fibre pits not very conspicuous. 


Atlanthoxylon indicum sp. nov. 


Vessels 00-240 u. in tangential diameter, 
2-265 u in radial diameter; evenly distri- 
buted, 3-5 per sq. mm.; mostly solitary, often 
in pairs, moderately thick-walled, usually 
empty, often filled with black or brownish 
gummy deposits; vessel-segments 26-320 u. 
long; intervessel pits alternate, distinctly 
bordered, usually hexagonal; orifice usually 
lenticular. 

Wood parenchyma usually of aliform- 
confluent type with occasional presence of 
metatracheal parenchyma; tangential paren- 
chyma bands short, narrow to moderately 
broad (up to 7 cells thick), 40-200 u 
wide, usually 3-5 cells thick; paratracheal 
parenchyma sheath I-3 ( usually l-2) layer- 
ed; parenchyma cells oval or tangentially 
elongated in cross-section, 6-24 u in 
radial diameter and 24-40 u in tangential 
diameter. 

Xylem rays 4-6 per mm.; -6 cells or 6- 
44 u wide; 4-54 cells or 80-376 u high; 
homogeneous with oval to angular cells often 
filled with a dark deposit. 

Wood fibres 720-360 u long, 20-40 u in 
diameter; non-libriform; non-septate; oval 
to angular in cross-section; inter-fibre pits 
not very conspicuous. 

Locality — Mohgaon Kalan in Chhindwara 
District of Madhya Pradesh. 

Type Specimen — B.S.I.P. Museum No. 
5568. 
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groups. x 3l. 

2. Cross-section magnified to show the distribu- 
tion of vessels and narrow and broad xylem rays. 
x 80. 

3. Tangential longitudinal section showing the 
distribution and nature of the xylem rays. x 3. 

a of a vessel showing intervessel pitting. 
x ० 

5. Part of a cross-section magnified to show the 
distribution of parenchyma (p) and the nature of 
fibres ne 75: 

6. Radial longitudinal section showing the hetero- 
geneous nature of xylem rays. x 60. 
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PLATE 2 
Ailanthoxylon indicum gen. et sp. nov. 


7. Radial longitudinal section showing the homo- 
geneous nature of the rays. x 55. 

8. Tangential section showing the form, distribu- 
tion and nature of the xylem rays. x 37. 

9. Magnified intervessel pits. x 20. 

0. A vessel showing gummy deposits. x 00. 

il. Part of a cross-section magnified to show the 
fibres and a parenchyma band with oval or tan- 
gentially elongated parenchyma cells. x 75. 

2. Cross-section of the fossil under low magni- 
fication to show the gross structure. X 5. 

3. Cross-section showing the form and size of 
vessels and the distribution of parenchyma (p). 


Note solitary vessels and tangential parenchyma 
bands. x 34. 
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MORRISIA, A NEW GENUS OF CYCADOPHYTIC FRONDS 
FROM THE RAJMAHAL HILLS, BIHAR 


M. N. BOSE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Under the genus Morrisia are placed those pin- 
nate leaves of Taeniopteris meclellandi (OLDHAM 
& Morris), which were earlier described by 
Oldham and Morris (863) as Stangerites meclel- 
landi. In addition to the old specimens of Oldham 
and Morris a few new specimens collected from 
Bindraban and Sakrigalighat in the Rajmahal 
Hills, Bihar, during the years 954-956 are also 
described. 


INTRODUCTION 


Compound leaves with pinnae having the 
formand venation of Taemopteris Brongniart 
are extremely rare in the plant-bearing beds 
of the Rajmahal Hills, Bihar. Three such 
pinnate leaves were earlier described by 
Oldham & Morris (863) as Stangerites 
meclellandi. Later, Schimper (869) re- 
ferred these specimens under his new genus 
Angiopteridium. So in 877 Feistmantel 
described Stangerites meclellandi as Angiop- 
teridium meclellandi. Finally, Sahni (922 ) 
and Sahni & Rao ( 933 ) adopted the generic 
name Taeniopteris Brongniart for Oldham 
and Morris’s specimens of S. mcclellandt. 
These pinnate leaves, however, should not 
be placed under the genus Taenioßteris, 
because according to Brongniart’s (928 ) 
diagnosis Taeniopteris is only a simple leaf. 
Therefore, I am, here, redescribing the 
Oldham and Morris’s specimens of S. mcclel- 
landi under a new genus Morrisia named 
after late Dr. John Morris. The rejection 
of the generic names Stangerites Bornemann, 
Angiopteridium Schimper and Taentopteris 
Brongniart will be further dealt with under 
the ‘ discussion ’. 

During the years 954-]956, in addition 
to the above three specimens, four more 
specimens were collected from Bindraban, 
about 2 miles south of Mirzachowki and 
Sakrigalighat, Rajmahal Hills, Bihar, by 
Dr. S. C. D. Sah, Mr. Gurdip Singh and 
myself. Diagnosis and description are based 
on the observations made on these specimens 
as well. 
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DIAGNOSIS 
Morrisia gen. nov. 


Leaf large, simply pinnate. Pinnae nearly 
opposite or alternate; midrib thick; secon- 
dary veins numerous, arising from the 
median vein nearly at right angle, parallel, 
straight or sometimes dichotomizing. 

Type-specres — Morrisia meclellandi ( Old- 
ham & Morris) Bose. 


Morrisia mcclellandi (Oldham & Morris), 
n. comb 


PIE EE 7S ley Ohi ales} Wel 2, lbs, 2) 


Text-figs. -2 

863 — Stangerites meclellandi O. & M. 
D 00 PL XI, Migs les 

869 — Angiopteridium meclellandi ( Mor- 
ris) Schimper, p. 605. 

877 — Angiopteridium meclellandi (O. & 
M.) Feistmantel, p. 44. 

922 — Taeniopteris mcclellandi in Sahni, 
Table-Tl: 

933 — Taenioßteris meclellandi ( (0. & M.) 
Sahni & Rao, p. 02८ 

Large leaf of unknown length, width 
about 5-20 cm. in the middle. Rachis very 
thick (0-3-] cm.), marked with number of 
longitudinal ridges (8?) with longitudinal 
striae between. Pinnae alternate, obliquely 
set, arising at an angle of about 52° over 
most of the leaf; mostly distant, sometimes 
touching each other near the apex, attached 
to the rachis with a very ill-defined petiole. 
Pinnae elongately oblong-linear, about 7-4 
cm. long and -2:2 cm. broad, shape of apex 
not known, base tapering more or less quick- 
ly, margin entire. Midrib of pinnae thick 
and strong, l-l-5 mm. wide; secondary 
veins numerous, parallel, mostly little less 
than a millimetre apart, arising from the 
midrib nearly at right angles, often dichoto- 
mising near the base or little further out. 
Substance of lamina thick, leathery and 
brittle. 

Locality -- Bindraban, Amrapara 
Sakrigalighat, Rajmahal Hills, Bihar. 


and 
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Age — Jurassic. DESCRIPTION 


Type Specimen— The Geological Survey 


of India, Calcutta, No. 44387 (Pr. aly Pinnae in all the specimens are incomplete | 
FIGE लगा हि A Formerly figured by near the apex and in the t | 
Oldham and Morris (863, PL. XXIII, (No. 4/438). They are preserved only on one | 
Fie. «| )॥ side of the rachis and there too their lower ! 


Ihara, 3) — Morrisia mcclellandi, Oldham and Morris coll. 


No. 4/438. 


x. 


ype specimen | 
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TEXT-FIG. 2 — Morrisia mccleliandi, from Bindraban, No. 25759. 


margins are partly embedded inside the 
matrix, appearing as if they are divided into 
two unequal halves by the midrib. The 
other side of the type specimen shows only a 
few median veins of the pinnae. Pinnae in 
all the specimens are distantly placed. 
Venation in all the specimens is similar, the 
midrib, which is uniformly thick throughout 
its course, divides the pinnae into two equal 
halves. Only in the type specimen (No. 
4/438 ) the rachis shows both the longitudinal 
ridges as well as the striations, in others only 
the striations are visible. The specimen in 
Pl. 2, Fig. i, has a comparatively slender 
rachis but the other specimens have a fairly 
thick rachis. 


COMPARISON* 


Morrisia meclellandi can be readily dis- 
tinguished from Taentopteris spatulata Mc- 


*After this paper was sent to the press, I re- 
ceived a paper by Rao & Jacob (957) describing 
a new species of Taeniopteris (T. dentata ) from 
Mandro Hill, Rajmahal Hills. In being pinnate T. 
dentata resembles Morrisia meclellandi, but it dif- 
fers from the latter in having pinnae with dentate 
margin. Moreover, the secondary veins in T. den- 
tata are given off from the midrib at an acute angle. 
In my openion T. dentata is only another species 
of Morrisia. 


X à. 


Clelland, Taeniopteris ensis Oldham and 
Nipaniophyllum raoi Sahni (948) by its 
pinnate character alone. The pinna of M. 
meclellandi resembles to a great extent the 
leaves of T. spatulata and N. raoi in its shape 
and venation. In T. ensis, unlike M. mcclel- 
landi, the secondary veins arise at an oblique 
angle. In this aspect our specimen also 
differs from T. ensis described by Ganju 
( 946 ) from Onthea. Ganju considered his 
specimens to be simple leaves attached in an 
alternate manner to a thick stem, but from 
his eures’ (Pr 5, Rie.>272 TEXT-FIE. 2) it 
seems that one of his leaves (No. O/l70) was 
compound. [If it is really so, the leaf should 
be placed under the genus Morrisia. 
Taeniopteris mcclellandi(?) Oldham & Mor- 
ris, described by Chang ( 936 ) from the coal 
pit of Keng Kou, is different from M. meclel- 
landi as the secondary veins in the former are 
oblique, arising at an angle of 70°. M. 
meclellandi may be compared with Taeniop- 
teris auriculatum (Fontaine) described by 
Berry (90) from Patuxent formation in 
its pinnate habit but the secondary veins in 
the latter are distantly placed and are ob- 
liquely attached to the midrib. 7. nervo- 
sum (Fontaine), also described by Berry 
(90 ), is different from M. meclellandi as 
its pinnae ( or fronds ) are much broader and 
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the secondary veins are closely packed and 
their angle of divergence is much varied. 
Taeniopteris(?) sp. cf. T. auriculata ( Fon- 
TAINE ) Berry, described by Oishi (946 ) 
from Tôtôri, Työsen, resembles M. moclellandi 
in having pinnate leaves. It differs from the 
present species in having a comparatively 
thinner rachis and narrower pinnae. 


DISCUSSION 


The genus Morrisia has been created for 
the reception of those leaf impression of 
Taeniopteris Brongniart which are pinnate 
and belong to the Cycadophyta. They 
have been separated from Stangerites Bor- 
nemann, Angiopteridium Schimper and Tae- 
niopteris Brongniart because of the following 
reasons: 

Bornemann’s (856) new genus Stran- 
gerites (not Stangerites, for Bornemann also 
made the mistake of referring to the recent 
cycad as Strangeria ) was founded on Brong- 
niart’s species of T'aeniopteris vittata ( i828 ). 
Bornemann did not give any figure. Al- 
though there was no evidence, Bornemann 
considered that T. vittata Brongn. might be 
the pinna of a pinnate cycadean frond. Later 
studies have shown that the cuticular struc- 
ture of T. vittata approaches very closely to 
Anomozamites nilssonii ( PHILLIPS ) Seward, 
having the Bennettitalean type of stoma 
(THomas & BANCROFT, 93; HARRIS, 946). 
Harris (932) gave a new generic name 
Taeniozamites for species of the form genus 
Taeniopteris having the Bennettitalean type 
of stoma. Florin ( 933) re-established the 
generic name Nilssontopteris Nathorst as a 
substitute for the Taeniozamites Harris. In 
946 Harris redescribed the cuticle of Nils- 
sontopteris vittata ( Brongn.) Florin in detail. 
From these studies it is obvious that the 
generic name Strangerites of Bornemann is no 
longer valid. 

In India Oldham and Morris ( 863 ) des- 
cribed certain pinnate and simple leaves 
under Stangerites Bornemann, correcting 
Bornemann’s spelling Strangerites. They 
gave the diagnosis of Stangerites ( 9. 32) as 
“Frond pinnate, pinnae with a thick median 
nerve, and numerous secondary veins, paral- 
lel, straight, or oblique and dichotomous ”. 
Under this genus they described 3 species, 
S. meclellandi Oldham & Morris, S. spatulata 
McClelland, and S. ensis Oldham. Out of 


these only S. mcclellandi was described as 
pinnate leaf. Both S. spatulata and S. ensis | 
were described as “ pinna simple (?) ” 

Schimper (864) while instituting the 
genus Angiopteridium placed S. meclellandi | 
Oldham & Morris under his genus. The 
specimens on which the genus Angiopteridium | 
was created was later found by Schimper | 
(874) to belong to Marattiaceae and he | 
established the generic name Marathopsis | 
for them. However, Feistmantel (877), | 
probably in ignorance of the change made by | 
Schimper, referred Oldham and Morris’s 
specimens of Stangerites from Rajmahal to | 
Angiopteridium. He also described speci- | 
mens of Angiopteridium from Golapili and 
Madras Coast (877a, 879). None of 
these specimens were pinnate. Sahni( 922) | 
adopted the generic name T'aeniopteris Brong- 
niart for all the Indian species of Angiopteri- | 
dium, and Sahni & Rao (933) described 
a specimen having several pinnae in relation 
to a thick rachis as Taeniopteris meclellandi 
( OLDHAM & Morris). Now I have separat- | 
ed from T'aeniopteris only those leaves of T. 
meclellandi which are pinnate, because they | 
do not fit into Brongniart’s ( 828, 9. 262) 
diagnosis of the genus, “ Folia simplicia | 
integerrima, nervo medio crasso rigido, 
nervulis perpendicularibus simplicibus vel 
basi furcatis’’. Although there is a possibi- | 
lity of some of the leaves of Madras Coast 
described by Feistmantel ( 879 ) as Taentop- ! 
teris mcclellandi being parts of a pinnate leaf, 
yet due to lack of evidence, at present Iam | 
keeping them separate from Morrisia. Asso- | 
ciated with the leaves of M. mcclellandi a 
large number of detached and incomplete 
leaves resembling the pinnae of M. mcclel- 
landı have been collected. I am keeping 
them separate, till we know the cuticular 
structure of these leaves. At Sakrigalighat 
M. meclellandi has been collected in asso- 
ciation with a large number of Carnoconites 
laxum Srivastava (946) type of cones 
(PLIS SFICS ESS) 
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EXPLANATION OF PLATES 


PLATE { 


Î. Morrisia meclellandi (0. & M.), n. comb. 
Type specimen No. 4/438 from Bindraban; Amra- 
Para. xl. 


PLATE 2 


4. M. mcclellandi (©. & M.), n. comb. Specimen 
No. 25759 collected by Mr. Gurdip Singh from 
Bindraban. x !. 

2-3. Portions of pinnae from the above specimen, 
showing venation. x . 


PLATE 3 


4. M. mcclellandi (©. & M.), n. comb. Specimen 
No. 499 collected by Dr. 5. C. D. Sah from Sakri- 
galighat. x . 

2. M. mcclellandi (©. & M.), n. comb. Specimen 
No. 3067 collected by M. N. Bose from Sakrigali- 
elie, ill 

3. Associated leaves of Taeniopteries sp. 
men No.25473. x ॥; 

4-5. Counter-parts of a specimen of Carnoconites 
laxum Sriv. type of cone found in association 
with the leaves of M. mcclellandi from Sakrigalighat. 
Specimen No. 4892. x}. 
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THE FOSSIL FLORA OF THE JABALPUR GROUP— 
l. PTILOPHYLLUM INSTITACALLUM NE 


M. N. BOSE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 
Ptilophyllum institacallum n. sp. is characterized 
by its thick lower cuticle with cells having variously 
shaped papillae. The stomata are _ irregularly 
scattered over the lower cuticle which shows no 
distinction between stomatiferous and non-stomati- 


ferous bands. 
ie 949 ), the Indian species of PHlo- 
phyllum may also be placed into two 
groups, the first having the cuticle like that 
of P. acutifolium Morris described by Seward 
& Sahni (920) and the other like that of 
P. oldhami Jacob & Jacob (954). In the 
former group the papillae are rare on the 
lower surface and there is clear distinction 
between stomatal and non-stomatal bands, 
but in the latter group the lower side is dense- 
ly papillate and the stomata are irregular- 
ly scattered, without forming any stoma- 
tiferous and non-stomatiferous bands. 
While in the first group species like P. acuti- 
folium Seward & Sahni (920), P. amar- 
jolense Bose (953), P. indicum Jacob & 
Jacob (954), P. distanse ( FEISTMANTEL ) 
Jacob & Jacob (954), P. cutchense Morris 
by Jacob & Jacob (954), P. jabalpurense 
Jacob & Jacob (954) and P. gladiatum 
Bose & Sukh Dev (957) are included, in 
the second group we have, so far, only 
P. oldhami Jacob & Jacob (954) and 
P. sakrıgaliensis Sah (958). P. nipanica 
Vishnu-Mittre (956) may at present be 
regarded as a transitional form as it shows 
resemblance with both the groups. It 
resembles the first group in having only a 
few papillate cells on the lower side, the 
second group in having stomata scattered 
on the entire lower surface (leaving only a 
few cells of the marginal and apical region ) 
without the distinction between the stomati- 
ferous and non-stomatiferous bands. 

The species described here is included in 
the second group. The description is based 
on two fragmentary leaves collected by me 
and Mr. K. Suryanarayanain March 957 from 


INTRODUCTION 
IKE the Yorkshire species ( see, HARRIS 
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Sher river cutting near the village Sehora, | 
Narsinghpur District, Madhya Pradesh. 


DESCRIPTION 
Ptilophyllum institacallum n. sp. 
Pl. | Figs. -8; Text-fig. lA-D 


Frond — Leaf incomplete both at the apex | 
and base. Leaf length unknown, maximum | 
breadth -6cm. Pinnae closely set or usually | 
overlapping, attached by their full breadth 
over the rachis, entirely concealing it. 
Upper basal corner rounded, lower mostly 
concealed by the pinna below, apex obtusely 
pointed. Pinnae typically l-l-2 cm. long, | 
2-25 mm. broad, upper margin nearly | 
straight, lower slightly curved. Veins incons- 
picuous, nearly parallel, sometime dividing. 

Cuticle — Racuis: Cuticle thick on both 
the sides. Epidermal cells on the upper 
side rectangular or rhomboidal. Lateral- 
and end-walls straight or undulated, surface 
unspecialized. Cells of lower cuticle square 
or rectangular. Lateral- and end-walls sinu- 
ous, folds not deep, surface unspecialized. 

LAMINA: Cuticle thick, lower much thicker 
than the upper. Upper devoid of stomata, 
veins not indicated, composed of more or 
less rectangular cells with sinuously folded 
walls. Folds occupying more than one- 
third of the breadth of the cell. Surface-wall 
flat. Lower cuticle showing a marginal and 
apical region with non-papillate cells like 
those of the upper cuticle, and an inner 
region of stomates and papillate cells. The 
inner region, devoid of stomatal and non- 
stomatal bands. Stomata irregularly scat- 
tered, mostly transversely orientated, few 
slightly oblique. Marginal and apical cells 
rectangular to irregular, forming longitudinal 
rows; cell outline sinuous as on the upper side 
but with less folds. Except for the few cells 
near the marginal region, the cell-walls of the 
inner region not clearly marked due to the 
irregular development of the papillae. Al- 
most all the cells bearing more than one 
large thickly cutinized, hollow papillae. 
Papillae near the marginal area dome- or 
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TEXT-FIG.  — Ptilophyllum institacallum n. sp. A, fragment of lower cuticle, showing the distribu- 


tion of stomata, No. 2879. x 25. 
No. 28832A/l. 


x 300. D, lower cuticle, showing the development of papillae near the centre, No. 28832A/. 


crescent-shaped, or conical or mushroom- 
shaped. But little further inwards papillae 
of each cell develop around the cell-wall, 
mostly they join or overlap each other so as 
to form a ‘frill like’ structure. They are 
even overlapped by the papillae of the ad- 
joining cells, ultimately giving an appear- 
ance of a raised thick sheet over the entire 
inner surface, showing in the centre of each 
cell a hollow pit representing the non-cuti- 
nized area of each cell. Development of 
papillae in each cell rather variable, when 
strongly developed cell outlines are almost 
invisible, but when feebly developed, cell 
outlines are conspicuous (mostly near the 
marginal region ). 

Stomata sunken, almost concealed by 
overhanging cell papillae. Guard cells cres- 
cent-shaped, well cutinized subsidiary cells 
devoid of papillae. Subsidiary cells more 
thickly cutinized than the ordinary cells. 

Locality — Sher river, near Sehora. 

Collection — Type specimen No. 28832 of 
the Birbal Sahni Institute of Palaeobotany 
Museum. 

Age and Horizon — Jurassic, 
series. 


Jabalpur 


B, lower cuticle, showing the non-papillate cells of the marginal region, 
x 300. (७, lower cuticle, showing papillate cells towards the outer region, No. 2879. 


x 300. 


COMPARISON AND DISCUSSION 


The cuticle of P. institacallum is essentially 
of the type described by Jacob & Jacob 
(954) as P. oldhami. Except for the 
papillae the cuticle of these two species is 
very similar. While in P. oldhami on the 
lower side each cell has a single large papilla, 
in P. institacallum each cell of the papillate 
region has more than one papillae and the 
papillae here join and overlap each other in 
such a way that they almost form a some- 
what raised sheet over the lower cuticle. 
Moreover, the pinnae in P. oldhami are short 
and broad and their apex is roundly obtuse. 
Whereas, in P. institacallum the pinnae are 
narrow and their apex obtusely pointed. 
P. institacallum differs greatly from P. 
sakrigaliensis Sah in the general form of the 
pinnae. In P. sakrigaliensis pinnae are 
linear-lanceolate and are separate. The 
cells of the lower cuticle in P. sakrigaliensis 
have a single large papilla and the stomata 
are sparse. From P. mpanica Vishnu- 
Mittre present species can readily be dis- 
tinguished by their papillae alone. In P. 
nipanica papillae on the lower side are not 
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so distinct, but the subsidiary cells are 
papillate. Pinnae of P. nipanica are falcate 
with pointed apex. In P. pecten ( Phill.) 
Morris described by Thomas & Bancroft 
(9i3) and Harris (94l, 949) the lower 
cuticle shows distinction between stomatal 
and non-stomatal bands. Each cell has 
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EXPLANATION OF PLATE i 
Ptilophyllum institacallum n. sp. 


l. P. institacallum n. sp. No. 28902. x I. 

2. P. institacallum n. sp. Type specimen No. 
288324 Ie 

3. Upper cuticle of the rachis. Slide No. 28832 A /4. 
x 200. 

4. Lower cuticle of the rachis. Slide No. 28832A/4. 
x 200. 


only one papilla which is round. 
sutum Harris (949) differs from P. instita- | 
callum in having cells with single papillae 
which are oval and often divided, lower 
cuticle shows stomata forming bands between 
the veins and the subsidiary cells are papil- 
late. 


Jacos, K. & Jacos, C. (954). Cuticular study of 


Tuomas, H. H. & Bancrort, N. (9.3). 
Sau, 5. C. D. (958). Ptilophyllum sakrigaliensis 
SEWARD, A. C. & SAHNI, B. ( 920). 


VISHNU-MITTRE (956 ). 


papillate marginal cells. Slide No. 28832A/3. x 200. 
28832A/2. 


papillate region. 


P. hir- 


from P. pecten (Phillips). Ibid. 88 ८): 
Indian Ptilophyllum fronds from Cutch and 
Jubbulpore. Mem. Geol. Surv. India. Palaeont. 
Indica. 33(॥). 

On the 
cuticles of some recent and fossil Cycadean 
fronds. Trans. Linn. Soc. London. 8(5). 


n. sp. from Sakrigalighat, Rajmahal Hills, Bihar. 
Proc. Ind. Sci. Cong. Abst. 3. 


Indian Gon- 
dwana plants: A revision. Mem. Geol. Surv. 
India, Palaeont. Indica. 8(A). 

Studies on the fossil flora 
of Nipania, Rajmahal series, India — Bennetti- 


tales. The Palaeobotanist. 5(2). 


5. Lower cuticle of the lamina, showing the non- 
6. Upper cuticle of the lamina. Slide No. 
x 200. 

7. Lower cuticle of the lamina, showing cells of 
Slide No. 28832A/l. x 200. 


8. A stoma. Slide No. 28832A/l. x 500. 
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FURTHER OBSERVATIONS ON ONTHEODENDRON 
FLORINI SAHNI & RAO 


ARE RAOFZRENENEBOSET 


ABSTRACT 

Ontheodendron florini is here interpreted as a 
cycadophyte stem impression and designated Cyca- 
dophytites florini gen et sp. nov. 

INTRODUCTION 
T HE generic name Ontheodendron was 
proposed by Sahni & Rao (933 ) for 
some badly preserved plant impres- 

sions from Onthea, Rajmahal Hills, Bihar. 
They regarded it as a lax cylindrical cone 
bearing single-seeded ligulate scales placed 
parallel to the axis. The ovule was detach- 
able from the scale and was probably placed 
in an adaxial pit near the base. A few such 
detached scales were also found associated 
with the strobilus-like structure. Ganju 
( 946 ) also figured a similar detached scale. 
So far the only one species known from the 
Rajmahals is O. florint Sahni & Rao. In 
935 Harris described another species, O. 
sternbergi ( NILSSON ) Harris from Scoresby 
Sound, East Greenland. In this connection 
Nathorst’s (886) specimen of Palissya 
sternbergi ( Nırsson ) Nathorst from Bjuv, 
Sweden, was also referred to Ontheodendron 
sternbergi by Harris. These are the only two 
species of Ontheodendron known so far. 

Recently, while examining a varied and 
indifferently preserved collection of Cycado- 
phyte impressions from the Rajmahal Hills, 
Bihar, we discovered that the apical regions 
of some of these stem specimens showed a 
striking resemblance to O. florint Sahni & 
Rao. We, therefore, re-examined the figured 
specimens of O. florini and in the light of our 
recent experience found that O. florint can 
also be interpreted as a partially decorticated 
cycadophytic stem. We are, therefore, here 
figuring and interpreting the old specimen 
accordingly. 


DESCRIPTION 
Pl. 0 | Figs. -6; Text-figs ॥0 
Stem — Plate , Fig. and Text-fig. IB 
show the impression of a decorticated stem 
as viewed from inside. The slightly elevated 
and vertically elliptic area originally inter- 
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preted as a seed is the basal rhomboidal end 
of the petiole or the leaf-scar. This becomes 
clear when Figs. 2, 5 and 6 are closely 
examined. All these show impressions of 
the petiole in its longitudinal aspect, the 
petiole being prolonged to various extents 
beyond the basal part. Figs. 3 and 4, on the 
other hand, are fragmentary and show only 
the impressions of the basal part with their 
surface features. It might be pointed out 
that in none of the leaf-scars, marks of the 
vascular bundle are visible. The median 
groove seen in Figs. 2, 5 and 6 is not a ligular 
pit as originally supposed but is perhaps the 
groove seen so commonly in the woody 
petiolar bases of ferns and cycads. 

The leaf-bases of the specimen described 
above look very much like some of the 
cycadean stems figured by Oldham & Morris 
00030] Pl. XXXIV, Figs. land 2. They 
may also be compared with the leaf-bases 
of a cycadean stem (specimen No. 4) des- 
cribed by Bose (953). It is difficult to 
say whether this impression with its revised 
interpretation belongs to Cycadales or Ben- 
nettitales. Both kinds of fronds occur in 
Onthea and all over the Rajmahals, and the 
detached leaf-bases shown in PI ], Fig. 5, 
occur very commonly in the Rajmahal Hills. 
One such type has already been figured by 
Bose ( 953a ). 

In view of the above facts we reinterpret 
Ontheodendron florint as a Cycadophyte stem 
impression or a mould to be more exact. 
But its affinities with the Cycadales or Ben- 
nettitales is not clear. 


DISCUSSION 


The original specimens of Ontheodendron 
florini are imperfectly and incompletely pre- 
served, and that to a certain extent was 
perhaps responsible for its interpretation as 
a cone impression. A point of some signi- 
ficance, however, is that the axis of the cone 
is not clear, nor have such similar cone 
impressions or detached seeds been found. 
The attachment of the scales too is not very 
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TEXT-FIG. detached 


 — À, 
B, C, cycadophytic stem Nos. { and 2. 
petiolar region of the leaf-base, l.s. leaf-scar ). 


leaf-base. x f. 


clear in the specimens. All these facts 
raise doubts that the impressions may not at 
all be that of a cone although it is easily 
mistaken for one on account of its mode of 
preservation. Fortunately the discovery of 
a large number of cycadophyte stem impres- 


sions and moulds in different degrees of 
decortication has provided a clue to the | 
reinterpretation of this fossil. 
number of such cycadophyte stems are so 
many in the Rajmahal collections that it is 
impossible to assign them with any degree of | 
certainty to the Bennettitales or Cycadales. 
In view of this difficulty we would like to | 
institute a new form genus Cycadophytites for 
the reception of cycadophyte stems whose | 
affinities with the Bennettitales or Cycadales | 
cannot be determined. We, accordingly, | 
remove Ontheodendron florini from the genus | 
Ontheodendron and place it under the genus | 
Cycadophytites but with the old specific 

name florint. 


Cycadophytites gen. nov. 


‘Impressions, casts and moulds of Cycado- 
phyte stems which cannot be referred to | 
either the Bennettitales or Cycadales.” 

Type species — C. florini. 


Cycadophytites florini (Sahni & Rao) 
n. comb. 

Moulds of partially decorticated stem bear- | 
ing impression of the leaf base and part of | 
the petiole. The leaf-scar varied in form, | 
rhomboidal oval or ovoid, narrowing to a fine 
short groove at the petiolar end, petiolar 
lengths and breadth variable, vertical stria- 
tions on the leaf-scar but no vascular traces 
visible, distinction between foliage and scale | 
leaves not present. 

Locality — Onthea, Rajmahal Hills, Bihar, {| 
India. | 

Age — Jurassic. 

Collection —Type specimen No. Fl0a of the 
Botany Department, University of Lucknow. | 

One of us ( BosE) while in Stockholm in 
954 had the good opportunity of examining 
the type specimens of Palissya sternbergi 
( Nirsson ) Nathorst, which was later placed 
by Harris (935) under Ontheodendron | 
sternbergi. On examination these specimens 
were found to be quite different from 0. 
florini and definitely belong to coniferophyta. 
It is now desirable that a re-examination of 
the type specimens of O. sternbergi ( NILSSON ) 
Harris should be made and perhaps described 
under a new name. 
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EXPLANATION OF PLATE Il 
Cycadophytites florini (SAHNI & Rao) 


ite Impression showing the leaf-base in the 
longitudinal aspect. Specimen No. . Fi0a. 
air. 

2. Note the petiole prolonged beyond the leaf- 
base. Specimen No. 2. Fl0b. x 2}. 


3. Only the leaf-bases of varied shapes are pre- 


served. Specimen No. 3. Fi0b. x 3+- 
4. The above magnified. Fl0b. x 24. 
5. A detached leaf-base. Fi0b. x i#. 


6. The above magnified. Fl0b. x 24. 


THE TAXONOMY OF FOSSIL PLANTS (INCLUSIVE SPORAE 
DISPERSAE ) IN THE INTERNATIONAL CODE OF BOTANICAL 
NOMENCLATURE, 956 


Re POTONTE 


Geologisches Landesamt Krefeld, W. Germany 


al: HE same subject was treated in 
if “ Palaeontologische Zeitschrift ” ( Vol. 
30, pp. 69-87) but it was in relation 
to the International Code adopted at Stock- 
holm in 950. The present paper deals with 
the International Code adopted in 954 at 
Paris as it will be necessary to take into 
account publications of several authors, 
which since then have expressed their views 
on this subject. 

Because the genera and species of fossil 
plants (inclusive Sporae dispersae ) must 
agree with the rules of the International 
Code, it is wrong if authors who make new 
proposals at once make use of them in their 
palaeontological papers. The proposals must 
first be accepted by the International Bota- 
nical Congress. 


GENERAL RULES 


To agree correctly with the International 
Code its rules and recommendations must be 
observed in whole. Consideration of only 
some single sentences produces errors because 
there are exceptions of the rules. 

“ The Rules and Recommendations apply 
throughout the plant kingdom, recent and 
fossil. However, special provisions are need- 
ed for certain groups” (I.C., ॥ 60 p. | 
Preamble, 7). “‘ Special provisions concern- 
ing fossil plants in Appendix II” (I.C. 
£956. pawl: 

However, spore nomenclature and palaeo- 
botanical nomenclature follow exactly the 
same rules. In both there are diffi- 
culties which must be understood _histori- 
cally. 

“ The general rules applicable to the 
naming of recent plants apply also to the 
names of fossil plants and to those of organ- 
genera and form-genera ”” { I.C. 956, 9. 55, 
Arta PB2). 

The genera of Sporae dispersae are organ 
and form-genera. Where they are legiti- 
mate, they cannot be replaced by names, 
e.g. proposed by Erdtman. The names 


saved by the International Code always have | 
priority. a 

Valid publication of names for fossil | 
plants is treated as beginning from the 3I | 
December 820 (STERNBERG, Flora der | 
Vorwelt, Versuch :-24. t. -43) (IC, | 
22000 Br aA BT: 

“ Schlotheim, Petrefactenkunde, 820, is 
regarded as published before 3l December 
00200 क SC TECH 9508p. IS Nate 


“ Publications by indelible autograph be- | 


fore I Jan. 953 is accepted ”’ 
Pr 2, 6 20200 2 ० 

‘ The date of a name or an epithet is that 
of its valid publication. When the various 
conditions for valid publication are not | 
simultaneously fulfilled, the date is that on | 
which the last is fulfilled ”” ( I.C. 956, p. 32, 
Art 453), 

“A name is not validly published when | 
it is not accepted by the author who pub- | 
lished it’’...“ Note ॥. Provision "Nor 
does not apply to names or epithets pub- | 
lished with a question mark or other indica- 
tion of taxonomic doubt, yet published and 
accepted by the author ” (I.C. 956, p. 29, 
ATC 399) | 

Fr. Thiergart, R. Potonié and others have | 
published combinations, e.g. Cyatheaceae ? 
sporites Thierg, 938; they had not the inten- | 
tion to accept such names. Il 

‘In order to be validly published, a name | 
of a new taxon of recent plants, the bacteria | 
and algae excepted, published on or after | 
l January 935 must be accompanied by a | 
Latin diagnosis or by a reference to a pre- | 
viously and effectively published Latin | 
diagnosis ” (७००१0 p. 29, Art. 34). 

This means palaeobotanists may continue | 
without Latin diagnosis. 

“When a taxon of recent plant, algae | 
excepted, and a taxon of the same rank of | 
fossil or subfossil plants are united, the | 
correct name or epithet of the former taxon | 
must be accepted, even if it is antedated | 
by that of the latter” (I.C., 956, 9. 40, | 
AIT 258); | 


(IC. 956, | 
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ORGAN AND FORM-GENERA 


The difficulties in the taxonomy of palaeo- 
botany cannot be understood without some 
historical remarks. 

In 909 Henry Potonié published proposals 
concerning palaeobotanical nomenclature 
which were supported by F. Beyschlag, 
A. Engler, E. Gilg, W. Gothan, H. Harms, 
O. Horich, R. Pilger & J. Urban. They were 
only personal additions to the rules and were 
published after the International Botanical 
Congress of 905 in Vienna. In spite of the 
fact that even later these proposals were in a 
great deal not introduced in the International 
Code, many authors followed them. 

There were distinguished in the 909 
proposals: 

(l) “ Good ”’ species, genera, families, etc. 

(2) Provisional “ dilemma 7 groups ( Ver- 
legenheitsgruppen, groups d’embarras ). 

In modern terms the first concerned 
“ Organ-genera’’ and the epithets above 
them and the second “ Form-genera ” and all 
epithets above. 

It has become evident, however, that the 
two cannot always be distinguished. Some 
form-genera can be transferred into organ- 
genera but often this may be discussed 
because of the changes in scientific viewpoint. 

The rules concerning the palaeobotanical 
organ and form-genera are: 

“ Since the names of the species, and con- 
sequently of many of the higher taxa of fossil 
plants, are usually based on specimens of 
detached organs and since the connection 
between these organs can only rarely be 
proved, organ-genera (organo-genera ) and 
form-genera ( forma-genera ) are distinguished 
as taxa within which species may be recog- 
ecu) 00 0) 0 0 Art. PBL;.l.). 

Fructifications, leaves, cuticles, stems, 
roots and Sporae dispersae are such ‘! de- 
tached organs”. The connection between 
these organs and the Sporae dispersae can 
only rarely be proved. To use for an organ, 
such as a spore, the name of an organ or a 
plant which only perhaps is the mother plant 
is unscientific. In such cases we must use for 
the Sporae dispersae organ-genera and form- 
genera as taxa within which may be recogniz- 
ed organ-species and form-species. 

“An organ-genus is a genus whose diag- 
nostic characters are derived from single 
organs of the same morphological category 
or from restricted groups of organs connected 
together ” (I.C., ॥050 p. 55, Art. PBl, 2). 


Here it is said that the diagnosis of an 
organ-genus can speak only about one organ, 
e.g. spores. Other organ-genera concern 
the complete fructifications with the sporo- 
phylls and the spores. These are “ restricted 
groups of organs connected together ”’. An 
organ-genus is not allowed to contain 
elements other than such organs which are 
“of the same morphological category ’’, may 
it be single organ or restricted groups of 
organs, they must be in an organ-genus that 
has the same “ organ’’ as genotype. To 
emphasize that point the I.C. adds a recom- 
mendation : 

“ An author describing organ-genera 
should clearly indicate for which kind of 
organ the genus is established.” 

“Tt is desirable that the name should indi- 
cate the morphological category of the organ 
(for leaves a combination with phyllum, for 
fructifications with carpus or theca, etc.) ” 
(200 02000 Recomm<PB, 6A) ): 

One who follows this recommendation in- 
dicates already with the name of the genus 
that the genotype and holotype is only a 
certain kind of organ, so that in this genus 
other organs may not be put. 

Till now the kind of organ of spore genera 
has been indicated by suffixes as pollenites, 
pollis, spora, sporis, sporites. Here must be 
said that a clear differentiation between 
spore and pollen genera is not possible, so 
that a suffix as sporis or sporites in many 
cases would be sufficient. 

Names without such a suifix are not in- 
valid. 

“A form-genus is one that is maintain- 
ed for classifying fossil specimens that lack 
diagnostic characteristics indicative of 
natural affinity but which for practical 
reasons need to be provided with binary 
names. Form-genera are artificial in 
varying» degree (EG 9560,) ps 55, Art. 
PBl.3). 

So form-genera differ from organ-genera 
only in lacking diagnostic characteristics. 
Further study sometimes finds out that such 
characteristics could still be given for some 
or all species of the genus, in spite of the first 
statement, and so a form-genus may later 
become an organ-genus. 

“It is necessary to distinguish both organ- 
genera and form-genera since the former are 
held to indicate a certain degree of natural 
affinity, while the later may — and in many 
cases do — include species belonging to dif- 
ferent families or even groups of higher rank, 
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e.g. ferns and pteridosperms ” (T.C., 956, 
p. 55, Arts PBL Noter Zi): 

W. L. Norem ( 954, p. 43 ) says, “‘ such a 
classification is confusing because materials 
of known affinities are classified according to 
phylogenetic relationships and those of 
unknown parentage according to morpho- 
logical characteristics. No clear-cut distinc- 
tion is made in the nomenclature between 
fossils classified in the natural and the arti- 
ficial systems.” 

The impossibility to make a clear-cut 
distinction between organ-genera and form- 
genera is not astonishing. This is a question 
of scientific recognition and not an agree- 
ment to be adopted for ever. Each author 
must realize, whether he will put a genus in 
the natural system or not. But, on the 
other hand, we are allowed to put altogether 
provisionally organ and form-genera in a 
morphographical system which only serves 
the review of the whole material. 

In every case organ-genera are those which 
can be placed in a certain family, while form- 
genera are held to indicate none or only a 
lesser degree of natural affinity. So, as a 
matter of fact a part of the genera of Sporae 
dispersae can be put in the natural system. 
These are the true organ-genera (see R. 
PoTonIE, 954). Other genera only agree 
with the groups of higher rank, e.g. orders, 
classes, etc. “But form-genera have been 
recognized as pertaining to a special mor- 
phological category since 828 ( Adolphe 
Brongniart). Since that time they have 
been constantly used in taxonomic and mor- 
phological literature and they are quite 
indispensable ”’ (I.C., 956, p. 55, Art. PB, 
Note 2). 

The word “ morphological’’ in this case 
means “‘ morphographical’”’ (see H. POTONIÉ, 
9i2). Unfortunately the notion of morpho- 
logical has been enlarged since Goethe and 
Brongniart. 

“ In descriptions of organs of uncertain 
nature or affinities, a name suggesting definite 
relationship with a recent plant should be 
avoided ” (I.C., 956, p. 56, Recomm. 
PB6D!): 

This recommendation is not often followed 
in the case of genera of fossil woods and the 
genera of Sporae dispersae. It concerns 
chiefly the form-genera. But it has been 
forgotten to add in this recommendation 
(PB6D ) that it should also be avoided to 
use 8 name suggesting definite relationship 
with another fossil plant. Such names would 
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always stay valid even if later on it is 
proved that the relationship does not 
occur. à 

“The purpose of giving a name to a 


taxonomic group is not to indicate its charac- | 
ters or history, but to supply a means of | 
referring to it and to indicate its taxonomic | 


rank ७0300 pslijePreambie) 
If a name is legitimate, it must be used 


even if it mentions what is not to be seen | 
in the type, e.g. the false relationship with a | 


recent plant. 

“Organ-genera based on detached parts 
may be distinguished not only by morpho- 
logical characters, but also by reason of dif- 
ferent modes of preservation ”” (I.C., 956, 
D: 55, Art 0800 8 &): 

This 
persae 
clearly 
create both, e.g. a genus for spores without 
and another with a perispore, or a genus for 
spores gained by maceration and one for 


that where the relationship is not 


spores seen only in a coal slide in reflected 


light (see E. STACH)). 

“ In order to be validly published, a name 
of a genus of recent plants must be accom- 
panied (l) by a description of the genus, 


or (2) by a citation of a previously and if 


effectively published description of the 
genus, or (3) by a reference to a previously 
and effectively published description of the 


genus as a subgenus, section, or other sub- | 
division of a genus, etc.’ (I.C., 956, 9. 3l, | 


Art. 39), 
This shows that palaeobotanists must 
follow another Article: 


“From I January 4953 the name of a ! 


genus or of a taxon of higher rank is not 


validly published unless it is accompanied || 


by a description of the taxon or by reference 
to a previously and effectively published 
description of it ” (see Art. 39) (I.C., 956, 
DS Art EPS 

Till January 953 à palaeobotanical 


genus or a taxon of higher rank could be con- 


sidered as validly published without any 
description if in other respects it was right. 
So it was a fault of Thomson & Pflug ( 953 ) 
to put aside such names of genera published 
before I January 953. 

A description of a new species assigned 
to a monotypic new genus is treated also as a 
generic description if the genus is not des- 
cribed ”’ ( I.C., 956, p. 3], Art. ॥ Note तक ie 

But palaeobotanists must besides use the 
following articles: 


signifies in the case of Sporae dis- | 


to be seen, it would be allowed to ॥| 
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7 The name of a monotypic genus of fossil 
plant published after | January 953 must be 
accompanied by a description of the genus 
indicating its difference from other genera ” 
000, -p. 56, Art.” PB6 ). 

“ In order to be validly published, a name 
of a new taxon of fossil plants published on 
or after | January 9]2 must be accompanied 
by an illustration or figure showing the 
essential characters in addition to the des- 
cription, or by a reference to a previously 
and effectively published illustration or 
peures (I.C., ॥/0 । 30, Arty 36). 

We have seen in Article PB3 that a des- 
cription of a fossil plant genus is only neces- 
sary from | January 953. But Article 36 
demands that every taxon of fossil plants 
already in existence since l January 92 
must have an illustration, etc., in addition 
to the description of the species. 

“ In certain circumstances, an illustration 
with analysis is accepted as equivalent to a 
generic description ” (see Art. 4) (I.C., 
4956, p. 00 Art..39, Note). 

“ The publication of the name of a mono- 
typic new genus based on a new species is 
validated either by (l) the provision of a 
combined generic and specific description 
( descriptio generico-specifica ), or (2) for 
generic names published before l January 
908, by the provision of an illustration 
with analysis showing essential characters ” 
eC 0 pP. 34; Arty 4! ): 

“ Single figure of microscopic plants show- 
ing the details necessary for identification are 
considered as illustrations with analysis 
showing essential characters” (I.C., ॥956, 
eo Art. 40-Note® 2 ); 

Art. 4, Note 2, should only carefully be 
applied with figures of fossil spores, but it 
is to be observed. 

“A name of a taxon below the rank of 
genus is not validly published unless the 
name of the genus or species to which it is 
assigned is validly published at the same 
time or was validly published previously ” 
lee 956, p.852, Art. 42): 

The names Sporites and Pollenites have 
been validly published and so also the names 
of the species below them. It is another 
question to discuss the present worth of these 
taxa as form-genera ( see below ). 

“A specific epithet is not illegitimate 
merely because it was originally published 
under an illegitimate generic name, but 
must be taken into consideration for pur- 
poses of priority if the epithet and the cor- 


responding combination are in other respects 
in accordance with the rules” (I.C., 7 2/500 
D 45; Arty 70 Note 3) 

“A legitimate name or epithet must not 
be rejected merely because it is inappropriate 
or disagreeable, or because another is pre- 
ferable or better known, or because it has 
lost its original meaning ”’ ( I.C., 956, 9. 4l, 
A962). 

Reissinger (950) has rejected the legi- 
timate name Pityosporites and proposed 
Pityopollenites merely because the genus 
contains pollen grains. This is not possible. 
In the same way a genus name mentioning 
a relationship, which later on is found 
erroneous, cannot be changed. 

“When a name has been proposed but not 
validly published by one author and is 
subsequently validly published and ascribed 
to him by another author, the name of the 
former author followed by the connecting 
word ex may be inserted before the name of 
the publishing author, etc.” (I.C., 956, 
p. 34, Recomm. 46A ). 

E.g. Trilites ( ERDTMAN 947 ) ex Couper, 
T9535 pustzZ): 

“ When it is desired to indicate the name 
of a subdivision of the genus to which a 
particular species belongs in connection with 
the generic name and specific epithet, its 
epithet is placed in parentheses between the 
two; when necessary, its rank is also 
indicated > (it C0" 4950 bp 023 Reconm, 
22B;); 

Many palaeobotanists use in parentheses 
between the generic name and specific epithet 
the name of a genus to which the species 
formerly belonged ( see GOTHAN, 953, 9. 6] ). 
This is producing errors with the recom- 
mendation above. I, therefore, propose to 
add in such cases “ al”, e.g. Paripteris (al. 
Neuropteris ) gigantea. 


€ 


THE TYPE METHOD 


Appendix IV of the I.C. 956, 9. 294, gives 
the method of the determination of the types. 
I shall not repeat all this. It is necessary 
to see there the details concerning the type 
method. 

“The typification of organ-genera, form- 
genera, genera based on plant microfossils 
( POLLEN, SPORES, ETC.), genera of imperfect 
fungi, and any other analogous genera or 
lower taxa does not differ from that indicat- 
edirabovere CH 4956 p.. IS sAnt 7, 
Note 5). 


36 THE PALAEOBOTANIST 


We see that the type method is provided 
not only for organ-genera but also for form- 
genera and for genera of pollen and spores. 

“ The application of names of taxa of the 
rank of order or below is determined by 
means of nomenclatural types ” (I.C., 956, 
p: l4,Art.<7, lssemtence). 

“ The principles of priority and typifica- 
tion do not apply to names of taxa above the 
rank of order LL 00000 00 220, A: AIG 

This is concerning the natural system of 
recent plants: in palaeobotany also the taxa 
above the genera do not follow the principles 
of priority and typification as far as they do 
not show suffixes as aceae, etc. 

Ever the names of order and of all taxa 
below (excepted the 7 dilemma ”’ groups or 
turma ) are applicable only when a nomen- 
clatural type can be found. 

In palaeobotany it is not necessary that 
the type has been mentioned by the author: 
only it must be possible to find one. 

“ Publication on or after |। January 958 
of the name of a new taxon of recent plants 
of the rank of order or below is valid only 
when the nomenclatural type is indicated ” 
(I.6524956;, pas0) Arts): 

This Article does not concern fossil plants, 
so that here also in future a taxon otherwise 
free from objection is valid without indica- 
tion of the type. But other rules of the 
I.C. demand that the publication must be 
such that it is possible to determine the type, 
where a taxon is compared with other taxa. 

Concerning Sporae dispersae it was tried 
to introduce the type method already in 93 
( see R. POTONIE, zur Mikroskopie der Braun- 
kohlen — Zeitschrift Braunkohle, Halle). 
It was said that it is necessary to preserve 
the preparation of the specimen which has 
been used for description and figure, and 
that for each figure the preparation and 
the place where it has been deposited should 
be mentioned. 

For palaeozoic genera of Sporae dispersae 
the type method firstly has been used by my 
collaborator Ibrahim. 

The rules concerning the type method are, 
as we have seen, joined with those of prio- 
rity. Where the type method is not used, 
it is not possible exactly to find out the 
priority. 

Also with the organ and form-genera the 
priority cannot be used without the method 
of typification. 

A “ genus”, which is created with the 
intention not to use typification, cannot be 


called a genus under the rules of the I.C. | 
Such unities can only serve as heads ( turma ) 

to range the legitimate organ and form- | 
genera in a morphographical system. | 

All this concerns the Sporae dispersae as ||] 
well as the whole palaeobotany. 

As an example I mention Gothan ( 953, ||] 
9. 9). Here the form-genus Neuroßteris ॥| 
is cut in two parts. Gothan creates in its ||} 
place (in accordance with a proposition made ||] 
by him already in 94] ) two new genera ||} 
(which he calls expressly genera); these ||} 
are Imparipteris and Paripteris. So Neurop- || 
teris is placed out of the rank of a legitimate ||] 
genus and becomes something of higher rank. ||, 
As an excuse for this handling Gothan (94) || 
mentions Florin, who in the same way 
cut the genus Walchia only for such cases 
where the species could not be put in the | 
new genera. For Neuroßter:s it would have | 
been possible to find a genotype (see AN- 
DREWS JR., 955). Therefore, the arrange- 
ment could have been as Gothan deals in the 
same paper (953, p. 9) with Linopteris | 
Presl 838. Linopteris is restricted and a 
part of this old genus is put in the new genus 
Reticulopteris. 

Concerning Sporae dispersae there have 
been made some very large unities for which 
a genotype cannot be chosen without 
changing completely the intention of the 
authors and therewith confusing the older 
literature. Such unities are Sporites, Pol- 
lenttes, Saccites, Monosaccites, Disaccites, 
Aletes, etc. Allthese unities contain, accord- 
ing to the “original meaning” of the if 
author, so great a material (PB 60) that 
they include many of the legitimate form- 
genera existing beside them. 

These unities now are outside the rules of | 
priority, because a genotype would be un- | 
suitable. They are used in the morpho- 
graphical system of the Sporae dispersae as 
unities of a rank higher than the genera (as 
turma ). They are no more genera, but also 
not families, etc., of the natural system. 
They only allow a purely morphographical 
arrangement. 

Only those organ and form-genera, whose 
types have been fixed or can be found in a 
wise way, are genera in the proper sense of 
the Ces 

It would be no more good to use the 
notion ‘form-genera ”’” in the sense of 
the International Code, for unities which 
have or shall not have a nomenclatural 
type. 
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The International Code demands since | 
January 953 for all those taxa (as order 
and below ), which follow the type method, 
the clear indication of the rank of the taxon 
as nov. gen., nov. spec., etc. ‘ À new name 
published on or after | January 953 without 
a clear indication of the rank of the taxon 
concerned is not validly published ” (I.C., 
#956, p. 32, Art: 44). 

This only concerns the ranks adopted by 
the International Code. Not adopted are: 
nov. spm., nov. spt., group, subgroup, 
turma, etc. 

I propose for all palaeobotanical unities 
outside the I.C. to add nov. turma [as 
Erdtman says for the Sporae nov. sporo- 
morpha, etc., and Pant (954) speaks of 
“groups”. But it would be better to have 
one term for the whole palaeobotany |. 
Who adds such indications shows that his 
unities stand outside the type method and 
the rules of priority. 

“In descriptions of new species it is 
desirable to mention which specimen is 
regarded as the type and to indicate in which 
Museum or collection the type is to be 
found (I.C., 956, p. 56, Recomm. PB 6E ). 

This is only a recommendation for the 
palaeobotanist, but many authors follow it 
and so necessarily those taxa also are in- 
fluenced which were till now treated without 
regard of a type. 

There has been considerable resistance to 
treating the taxa now called form-genera and 
form-species under the same rules as the 
other genera, but this is now required by the 
International Code. It now seems certain 
that for both organ-genera and form-genera 
the type-method and, therefore, priority 
must be used. 

“When diagnostic characters are altered 
or circumscription changed in taxa of fossil 
plants, the type is determined by reference 
to the original specimen figured in validation 
of the name of the taxon. If more than one 
figure is supplied in validation of the name, 
the emending author must indicate from 
the specimens originally figured the one he 
regards as constituting the type” (I.C., 
£956, 0p: 56," Art. PB5:). 

“For the name of a fossil species, the 
lectotype, when one is needed, should, if 
possible, be a specimen illustrated at the 
time of the first valid publication ” (L.C., 
॥000 077 7 मी 8, Recomm. 8D). 

“ The type of a genus of fossil plant is the 
first described species which shows such 


characters as are necessary for distinguishing 
the genus from other taxa. The type of a 
species of fossil plants is the first described 
and figured specimen showing such charac- 
ters as are necessary for distinguishing the 
species from other species” (I.C., 956, 
p. 56, Art. 4). 

This means, we should not absolutely 
designate as type the first described speci- 
men but the first showing the characters 
mentioned above. 

In the determination or selection of the 
nomenclatural types of previously pub- 
lished taxa “‘ mechanical systems such as 
the automatic selection of the first species 
or specimen cited”... “‘ should be avoided 
as unscientific and productive of possible 
future confusion and further change. The 
original description of the taxon concerned 
should be the basic guide” (I.C., ॥ 500 
p. 294, Appendix IV, 4). 

This sometimes has not been observed. 
A type was chosen without any other judge- 
ment because it was the first picture that had 
been published. “‘ Designation of a lectotype 
should be undertaken only in the light of an 
understanding of the group concerned ” 
(4.C.; 7956, p.294; Appendix IV. »4): 

An example is provided by Trudopollis 
pompeckji in which the type must be the 
picture in R. Potonié ( 934, 4, p. 78, PL. 4, 
Fic. 2) and not the first bad photo of 93 
as designated by Krutzsch (954, p. 286). 
The description of T. pompeckji concerns the 
picture of 934 and also current usage cor- 
responds therewith. 

“Whenever the type material of a taxon 
is heterogeneous, the lectotype should be so 
selected as to preserve current usage unless 
another element agrees better with the 
original description and (or) figure” ( I.C., 
956, p. 0 0 Art. 8 Recomm. 8C ). 

It is dangerous to introduce specimens 
inadequately described and figured in lists 
of synonyms. It is uncertain whether other 
material does correspond. The I.C. says 
expressly : 

“ Palaeobotanists should exercise great 
caution in applying to well-preserved speci- 
men’s names which have been originally 
attached to poorly preserved specimens or to 
specimens which have been inadequately 
described or figured ? (I.C., 956, p. 56, 
Recomm. PB 6] ). 

Names attached to bad specimens are not 
illegitimate but we should forget them more 
and more, only applying names attached 
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to better preserved materials. In this way 
we eliminate unpleasant changes of names 
and bad holotypes without much trouble. 

Van der Hammen has designated recent 
pollen grains as genotypes of a several new 
pollen taxa, e.g. Calluna vuigarıs. He has 
also given specific names to pollen grains 
taken from fructifications of recent plants. 
Neither of these procedure is valid under 
theciG; 

Without following the type method in a 
correct way we can never retain a synopsis 
of the fossil Sporae dispersae. Many writers 
today emphasize the type method ( BHAR- 
DWAJ, COUPER, GUENNEL, HORST, HUGHES, 
IBRAHIM, KLAUS, KREMP, PFLUG, SCHOPF, 
SURANGE, THOMSON, TRAVERSE ) 


/ 


THE POSSIBILITIES TO CORRELATE 
ORGAN-GENERA HAVING GENOTYPES 
OF DIFFERENT ORGANS 


Faegri ( 956, p. 652) and also R. Potonié 
(956, 9. 69 ) point out that the rules of the 
I.C. already contain the necessary provisions. 
But the I.C. says nothing concerning the 
cases where the taxa of spores are considered 
in relation with taxa of other organs (see 
POTONIÉAM9S6C 0 0): 

It would not be necessary to add some- 
thing to the rules, if we were of the opinion, 
that the taxa of different organs never ought 
be put together. Often indeed it seems as 
if this was the clandestine intention of 
palaeobotanists. 

It is possible in certain cases to say how 
different organa dispersa are related, but to 
express this taxonomically is difficult and 
has already caused confusion in stratigraphy. 

The stratigraphical incongruity of different 
organs of plants from one and the same genus 
or family has recently been discussed (R. 
POTONIÉ, 956a, p.88). Not all parts of the 
body of the plant, which as fossil we mostly 
find dispersed ( as organa dispersa ), have the 
same diagnostic and, therefore, also not the 
same stratigraphic significance. 

This is a further demonstration of how 
much we need the organ and form-genera for 
stratigraphical as well as botanical purposes. 
It would often be a risk to amalgamate 
definitely organ or form-genera of different 
organs even if the I.C. provided rules 
for it. 

So also there remains as ever before un- 
certainty whether a Spora dispersa should be 
placed in a genus specially created for spores 
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(organ or form-genus) or in a plant-genus of | 


which the genotype is not a spore. 


In the latter case if a fossil spore diverges | 


in any respect from the spores of the genus 
concerned, it is unscientific (apart from con- 


sideration of the type method ) to extend this | 


genus without any further knowledge of the 
plant. An author should always use a 


special Spore-genus if he uses a specific name | 


valid only for the spore. 


If the author chooses a genus where the | 
type is, for example, a fossil fructification or | 
the whole recent plant, he should not choose || 


a special specific name for the spore. 
Faegri (956, p. 650) observes clearly 


that: “ If a pollen grain can be identified as | 


belonging to a known taxon, living or fossil, 
no special name need be or can be attached 
tonte 
(000८0) ७) 


Traverse (957, p. 256) says: “ Potonié | 


(956) has clearly condemned the use of 
extant generic and specific names for fossil 
pollen.” That is not right. 
lowed and I have said it in several papers. 
But there is an important restriction: 


It is not suitable to use for fossil spores | 


and pollen grains generic names of recent 
plants if we give the spores such specific 


names whose holotypes are Sporae dis- | 


persae. 

If we use a generic name of a recent plant, 
we also should use a specific name of one of 
the species of that genus. 


addition of the specific name. 


On the other hand, the I.C. will never | 


forbid to put fossil specific names in genera 
of recent plants. This will ever be possible 


if the material of the fossil is more or less | 
complete and does not only consist in a very | 


little part of the plant which sometimes only 
shows characters of contested 
value. 

So it is even not forbidden officially to 
introduce specific names of fossil Sporae 
dispersae in genera of recent plants, but 
the moment this is done, the specific name 
of the spore or pollen grain will no more 
have any scientific sense. I, therefore, pro- 
posed for such cases no more to use specific 
but generic names and perhaps to mention 
which of the recent species of the genus the 
fossil spore resembles most. In this point 
I agree entirely with Bhardwaj, Brown, 
Faegri, Firbas, Hughes, Iversen, Kirchhei- 
mer, Rudolph and Thomson. 


I have emphasized the same idea 


Both are al- 


Or better it would I 
be only to mention the generic name without | 


diagnostic 


i 
| 
| 
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Sometimes it happens that all spores of a 
genus show approximately the same features 
indistinguishable by present methods. There 
is surely then no point in using a special 
specific name. Accuracy can only be ad- 
vanced to the name of a genus although 
that may still have considerable bearing. 

If the shape of a fossil spore or pollen grain 
occurs in a recent genus and there too only 
in one of the species, then this name of a 
recent species could be applied. But if the 
fossil form is produced by several recent 
species of that genus and never occurs in 
other genera, then it is sufficient to say to 
what a section or series of the recent genus 
the fossil form belongs. More we learn of 
pollen morphology, more it is becoming 
possible that certain fossil pollen grains 
(Sporae dispersae ) may be put in recent 
genera and more it becomes clear that there 
they do not need a proper specific name. 

It is different, however, if a single form of 
spore concerns several genera: there a specific 
name is advisable but with a spore as geno- 
type. 

This occurs also with all those forms of 
unknown affinities. 

Faegri says (956, p. 649): “ The only 
grains that, strictly speaking, can be identi- 
fied to ‘ mother species ” and thus be as- 
signed to their proper place and name in the 
system of plants, are those taken directly 
from anthers. Even with recent species, 
specification of pollen grains found isolated 
from their ‘mother plant’ is only rarely 
possible. We have to rest satisfied with 
genus, tribe or even family, unless phyto- 
geographical or other auxiliary evidence 
indicate that only one species is present.” 
He thus repeats what some palaeobotanists 
have often said. 

Hence it is unscientific to place the species 
hiatipites Wodehouse in the genus Taxodium, 
as it would mean that the genus Taxodium 
is present everywhere we find hiahpites. 
Placing a spore with only a few characters 
in a recent genus can thus cause stratigraphic 
confusion as well as difficulties in nomen- 
clature and taxonomy ( R. POTONIÉ, 956 ). 

Traverse says (957, 9. 258): “ Potonié’s 
argument that inclusion of new organ species 
in an extant genus involves a broadening of 
the genus does not seem correct to me, 
because the circumscription of the genus is 
established by its description.” Traverse 
would have understood me if he had seen 
that in his case a new organ species only is 


necessary if it is believed not to fall absolutely 
within the circumscription of the recent 
genus in question, so that other genera 
contain or may contain equal features, or if 
the shape of the spore till now was not 
exactly represented in the genus, so that 
indeed it would be a broadening of the 
genus to put in the spore. 

It is no improvement to make as Rouse 
(957) does combinations like Gleichenia 
concavisporites. The suffix sporites added 
to the specific name serves no useful purpose 
and should not be confused with the addition 
of the same suffix to generic names as pro- 
posed by Henry Potonié | ॥2/0% p. 535). 
We must, in this case, only give the name 
of genus as did Kirchheimer and Ingversen 
or mention which of the forms of the genus 
more or less agree with the spore, by using 
“of.” in front of the name. To give a special 
name to the spore is superfluous. If a spore 
is placed in such a genus, the author should 
be able to say which spore or spores of the 
genus it must resemble and why it should 
not be placed in another genus. So every- 
thing is done what could be done. Rudolph 
followed this method in mentioning the 
species with which the spore agreed so that 
everything possible was done. 

Traverse (957, p. 255) says: “ Palaeo- 
botanists studying megafossil organs have 
placed the organs in extant taxa, where they 
felt that the organs fell within the limits of 
the taxa concerned.”’ That as we have seen 
is not expressly forbidden by the I.C. But 
it has here, as everywhere, produced taxo- 
nomical and stratigraphical difficulties if a 
fossil of only little diagnostic value received 
a new specific name and so was placed in the 
mentioned recent genus. 

Also older palaeobotanists have felt that. 
Many of them have created organ-genera 
even where they compared fossil organs with 
species of only one recent genus. 

In every case it is risky to place toge- 
ther different fossil organs in one genus. 
As palaeobotanists commence to treat the 
type method with absolute correctness, 
this becomes plain. 

It is sure that in the whole palaeobotany 
a correct dealing with the type method will 
affirm the opinion that parts (organs) of 
plants cannot be put in a fossil genus of : 
another organ if the parts have received a 
specific name which was not previously con- 
tained in the genus. A fossil organ with its 
own specific name should be in a genus which 
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has the same organ as genotype, otherwise 
(that is clearly to be seen) there must 
result taxonomical and stratigraphical diffi- 
culties. 

Another clean method will not be possible 
with the present palaeobotanical rules of 
nomenclature; they do not contain proposals 
how to put together organ-genera of different 
organs. So it is still only the silent opinion 
of palaeobotanists that a part of a plant (an 
organ) being in an organ-genus of its own 
organ and later put in a genus of a more 
complex organ (e.g. a single fossil spore put 
together with a fossil fructification contain- 
ing such spores ) should lose its specific name 
even though if this name is the older one. 
The part of an organ should ever accept 
the specific name of the more complex 
organ. Till now such rules are not in the 
I.C. If it were so, it would be the most 
scientific method to put a Spora dispersa, 
which since long has a proper specific name, 
in the genus of a fructification if in this 
genus has been found (even later ) a fructi- 
fication which contains absolutely the same 
spores (and that too only this fructification 
and not such of other genera or species ). 
Then the spore may have the later specific 
name of the fructification and may lose its 
older name. 

This is not in the rules, but already today 
we should never put spores in genera of more 
complex organs when in these genera are not 
contained fructifications which have the 
same spores. We must in this case use the 
specific name of the fructification and not 
only the name of the genus. Never we 
ought combine the name only made for the 
spore species with the genus name of a 
fructification. 


OUTSIDE THE TYPE METHOD 


We have seen that a new genus or a new 
species since | January 953 is validly pub- 
lished only if there is added nov. gen. or nov. 
sp. or if in another way is said what taxon 
among those adopted by the Code is in 
question. 

It is, therefore, unrealistic to present 
systems of “ dilemma ” groups, instead of 
form-genera, as have been done by Erdtman 
as well as Pant. This is possible only for 
dilemma groups ( turma ) above the genera. 
One who does not say, e.g. nov. gen. and 
nov. sp. shows that he creates taxa not 
saved by the rules of priority of the I.C. 
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In some of my earlier papers, like Erdt- 
man, I also used Sporomorphae ( spm., spt.) 
for certain unities of Sporae dispersae in the 
rank of genera ( spt.). Since | January 953 
this is no longer possible under the rules of 
the I.C. and must be abandoned. 


n. spm. Fortunately Balme & Hennelly 


designate genotypes (and use the word | 


x 


genotype) and thus their “ sporotypes 


can be regarded as valid genera and their | 


’ 


“Sporomorphs ’ as valid species. 

“Thus each species belongs (is to be 
assigned) to a genus, each genus to a 
family (certain artificial groups of fossil 
plants excepted ), ४/८०७(॥७:/५/०७०७)/))७.॥ 
Arts 39): 


This means that a fossil genus can never be 


In the | 
same way the term “ subgroups ” is no more ||} 
permissible in place of genera validly pub- | 
lished. (PANT, 952, speaks of “subgroups’’). | 
Balme & Hennelly (956), however, still | 
create new taxa designated as n. spt. and | 


assigned to a family but may belong to | 


“certain artificial groups of fossil plants ” {|| 


(turma ). For this artificial groups the type 


method cannot be used, and so also it is felt {| 


that the type method cannot be applied to 


the nomenclature of taxa above the rank of Ml! 


order: (IG 0 “‘p.;20,cArt IG): 

Above the genera the type method in 
palaeobotany is only to be followed with those 
taxa which announce by their suffix (e.g. 
aceae ) that they belong to the natural system 


of plant families; others are still “ dilemma ”’ 
groups ( VERLEGENHEITS-GRUPPEN, turma) ||} 


outside the type method. 


Henry Potonié ( 909, p. 534 ) had already | 


suggested that “dilemma” groups above 


the rank of genera should never bear the | 
This proposal has been intro- | 


suffix—aceae. 
duced into the I.C. Just the taxa directly 
above the genera must show it by their suffix, 
if they are not taxa of the natural system. 


So we see that they do not correspond with | 


the rules of the I.C. and, therefore, also not 
with the priority in the frame of the valid 
taxa of the: IC: 

“ Form-genera should not be used as 
types on which natural taxa of higher rank 
are established.” 

NOTE — While organ-genera may be 
grouped in families bearing names taken 
from one of the genera and ending in 
aceae, form-genera should not be placed in 
groups with names implying the status of 
natural taxa” (I.C. 956, p. 56, Recomm. 
PB 6C ). 
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This means, to range form-genera ( which 
frequently appear between the genera of 
Sporae dispersae) we need a morphographical 
system. In every case it is not allowed to 
place them in the morphological system of 
natural taxa, as long as they are form-genera 
and not transferred to organ-genera. 

The Recommendation PB 6C shows that 
the I.C. knows that besides the taxa of the 
natural system and the form and organ- 
genera are needed further “‘artificial’’ unities 
( turma ) to place form-genera in groups with 
names not implying the status of natural 
taxa. Therewith the I.C. mentions an 
artificial (or better morphographical ) sys- 
tem beside the natural system. A genus 
may be placed by one author in the natural 
system, by another author in the morpho- 
graphical one. 

But in order to handle the large number of 
legitimate form and organ-genera it is best 
to arrange them all in a morphographical 
system which is similar to a key. As heads 
or divisions ( turma ) of this system may be 
chosen as far as possible names of the old 
“ dilemma ’ groups which appeared earliest 
to the literature. These are intended to be 
outside the order of ranks of the I.C., and, 
therefore, rules of priority do not apply. We 
should, however, use the oldest names where 
possible and these are often the terms of 
Naumova. 

The legitimate taxa of the I.C. always have 
precedence. If anywhere the oldest names 
of “ dilemma ” groups are chosen, this only 
occurs in their own frame. 

“ The names of form-genera should as a 
rule be used only in their original mean- 
ing, and subsequent alteration of the 
diagnostic characters of the form-genera is 
not desirable ’’ (I.C. 956, p. 56, Recomm. 
PB 6B). 

This recommendation does not ever agree 
with Article PB 2 and Article 7, Note 5, 
where clearly it is said that also with form- 
genera the typification does not differ from 
that indicated for other genera. So alterna- 
tion of the diagnostic characters of the form- 
genera will often be inevitable in spite of 
that recommendation. 

As a matter of fact, the palaeobotanical 
literature till today has not observed the 
type method with many of the form-genera; 
it followed the original meaning, that is what 
the author has said in the diagnosis. 

The nomenclatural type fixes the point 
from which the name of the taxon is not 


allowed to be taken away. It would 
often not be possible to follow this rule 
if we follow the “original meaning”. In 
every case the type method is to be 
accepted where both methods are in 
collusion. 

On the other hand, it may be good con- 
cerning taxa, which have been used for many 
years without any consideration of a type, 
not to designate one. Such a taxon often 
contained from the beginning much hetero- 
geneous material; the first specimens intro- 
duced were often poorly preserved and other 
species only temporarily included are now 
legitimately included in other genera. In 
choosing a type, all better preserved forms 
are found to have been put in other genera, 
leaving for the old “ Dilemma 7 groups only 
forms with which no one could work. It is 
surely unscientific to legitimize a genus with 
an unsuitable type; likewise it is unwise to 
put new and good material into a genus with 
bad genotype (I.C. 00 p. 56, PB 6F). 
For instance, in the case of the two taxa 
Sporites and Pollenites, Faegri ( 956, 9. 650 ) 
is of the same opinion as the present author 
that “ they have no definite meaning today ”. 
They are not suitable as names of genera in 
the legitimate sense of the I.C. It would 
be completely arbitrary to select a genotype 
from such heterogeneous material as from 
the beginning was introduced here. In 
spite of this Andrews ( 955, 9. 25 ) believed 
that Pollenites iliacus was suitable because 
this species has the smallest figure number 
on the plate in the first publication. In 
addition to the advice given above, this 
designation of lectotype is inappropriate 
because Pollenites iliacus was already put 
into the legitimate genus Zlexopollenites 
Thiergart in 937. 

Sporites was believed to have the geno- 
type Sporites plicatus Schopf (938; see 
ANDREWS, 955, p. 242) although Schopf 
correctly suggested that a type was not 
necessary. Sporites was erected by Henry 
Potonié in 893 (see R. POTONIÉ & G. 
Kremer, 4955, opp. 3L, 33). “The species 
then mentioned in Sporites were already 
erected by Dawson in 866. They were the 
species papillata and glaber. But these 
species were never adequately described 
or figured. 

Sporites and Pollenites should, therefore, 
only be used in future as higher “ Dilemma ” 
groups (turma ) containing legitimate ge- 
nera. 
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FUNGAL REMAINS FROM SOME TERTIARY DEPOSITS 
OF INDIA 


A. 
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ET’ HE records of fossil fungi in India are 
rather meagre. Sahni & Rao ( 943 ) 
described a number of fungal hyphae, 

fruit bodies designated Palaeosordaria lagena 
gen. et. sp. nov., and Perisporiacites varians 
sp. nov., and detached spores, from the silici- 
fied intertrappean cherts of the Deccan. Rao 
( 943 ) described a bit of a septate mycelium 
in the basal part of a Jurassic conifer seed 
Nipaniostrobus sahnii. Jacob& Jacob (950) 
described for the first time some fungi belong- 
ing to the Microthyriaceae and Trochopelta- 
ceae occurring on the surface of some leaf 
cuticles found in the tertiary lignites of Cud- 
dalore, S. Arcot, India. Mrs. S. D. Chitaley 
कि) recorded the occurrence of different 
kinds of fungal fructifications, some of them 
probably belonging to the Microthyriaceae, 
Pleosporaceae and Mucoraceae in the Dec- 
can intertrappean cherts. She has recently 
(957) described and figured some of them. 
During the course of the microfossil studies 
of lignites from Palana attention was also 
drawn to the occurrence of some similar 
fungal remains ( Rao, 954). Subsequent 
macerations of lignites from Palana ( Bika- 
ner), Warkalli (Travancore), Cuddalore 
(S. Arcot, Madras) — all of Tertiary Age 
have brought to light similar but slightly 
different types of fungal fruit bodies or 
thyriothecia and these constitute the sub- 
ject of this paper. Most of these get scat- 
tered during maceration. But one or two 
specimens were found still attached to, the 
host tissue even after maceration. 

The first type of thyriothecium which is 
from Palana ( Eocene) (Pr. ,-Fies. ॥. 2) 
measures 250 u in diameter, with radially 
arranged squarish or rectangular cells more 
or less of the same size (0:5 w across) 
except some of the peripheral ones which are 
slightly smaller. The central portion is not 
preserved. In most of the cells there is a 
single clear area almost like an aperture. 
But in some cells there are often 3-4 of these 
whose nature it has not been possible to 
determine. No mycelia are found attached 
to these thyriothecia but different kinds of 
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mycelia are found in the macerated matrix. 
An osteole is not also very clear either. 

The thallus can be referred to the Coleo- 
chaetaceae amongst the Algae or to the 
Discomycetes amongst the fungi. The ab- 
sence of any type of chaetae or the presence 
of sex organs or fruit bodies in all the thalli 
so far examined rules out the possibility of 
these being discoid algae. On the other 
hand, with the data available the specimen 
could well be referred amongst the fungi to 
the Microthyriaceae which have superficial, 
radiate dimidate thyriothecia with mycelia 
lacking or absent ( CLEMENTS & SHEAR, 93l, 
pu I BESSEY,.952, 92294), Themadiate 
and superficial nature of the thyriothecium, 
its circular form and the absence of mycelia 
suggest that my specimens too can be 
referred to the Microthyriaceae. It is dif- 
ficult to compare the fossil specimen further 
with living types in view of the unavailability 
of various diagnostic characters. But run- 
ning through the synopsis of genera one 
feels that Phragmothyrium may well be a 
genus with which comparison is possible. 
Edwards ( 922, 9. 68) discussed briefly the 
history of the Microthyriaceae and instituted 
the genus Phragmothyrites for an epiphyllous 
Microthyriaceous fungus found in Eocene 
deposits of Mull in Scotland. He suggested 
that the name might be used for fossil forms 
belonging to the Microthyriaceae the exact 
position of which is uncertain but which 
appear to be most closely related to Phragmo- 
thyrium as defined by Von Hohnel. My 
specimen (Pr. l, Fic. l) resembles in form 
and dimension the fossil ascostromata or 
thyriothecia described by Edwards ( loc. cit.) 
under the name Phragmothyrites eocenica 
( Fıcs. 2, 3 of Epwarps ) except for this dif- 
ference that the peripheral cells are larger in 
Phr. eocenica. No mycelia or osteoles have 
been found in either case. A number of 
scattered phragmidiospores(?) found along 
with these thyriothecia bear a resemblance to 
the phragmidiospores described by Edwards. 

Tilgner (954) has figured what look 
like Mycrothyriaceous fruit-bodies from the 
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Tertiary brown coals of Germany. One of 
them (Fic. 3) is like the specimen figured 
as I in this paper, but is much smaller 
( 95-98 u) and has a distinct osteole. 

The following living genera of the Micro- 
thyriaceae are known from India: Asterina 
( BUTLER ०४७ Bisey, 0 pps 25; 086; 
MUNDKUR, I938, 9. I2; RAMAKRISHNAN & 
SUBRAMANIAN, 952, pp. 7, 8), Asterinella 
( BUTLER & BisBy, loc. cit. p. 6), Lembosia 
(BUTLER 05 Bisey; ec. cit: par) 
Microthyrium (BUTLER & Bissy, loc. cit. 
9. 29), Asterolibertia (RAMAKRISHNAN & 
SUBRAMANYAM, 952, 9. 8). But all these 
except Mycrothyrium have clear super- 
ficial mycelia, so a comparison of my speci- 
mens with them is not possible. Micro- 
thyrium though without mycelia has bicelled 
phragmospores. Since such bicelled spores 
are absent in my collection either in attach- 
ment or in association with my specimens, a 
comparison with that genus is not possible. 
The only genus Phragmothyrium with which 
comparisons are possible is, so far as I am 
aware, not known from India. 

Miss Cookson (947) after her study of 
Southern Tertiary fungi pointed out how 
the genus Phragmothyrites was unacceptable 
for various reasons and instituted a new 
genus Notothyrites purely on the basis of 
external morphological features. My speci- 
men can well be accommodated in this genus 
too. In fact there is some kind of a resem- 
blance between the specimen figured as l in 
this paper and those figured as 5 and 6 by 
Miss Cookson under the name Notothyrites 
setiferus. But I refrain from actually placing 
my specimen in that genus or making any 
specific comparisons in view of the fact that 
the ostiole characters are not at all clear in 
my specimens where the central part is 
missing. I would prefer to place my spe- 
cimen in the non-committal genus Micro- 
thyriacites instituted by Miss Cookson for 
radiate and dimidate ascostremata whose 
mycelial and ascospore characters are not 
fully known. 


Microthyriacites Cookson 
Microthyriacites sahnii sp. nov. 


Diagnosis — Thyriothecia, flat superficial, 
dimidate, up to 250 u in diameter, with 
radially arranged squarish or rectangular 
cells, peripheral cells smaller, cells with one 
or more small aperture-like areas. No 
mycelia or osteole clearly seen. 


Locality — Palana, Bikaner, India. 
Age — Eocene. | 
A similar bigger thyriothecium from South | 


Arcot, Madras State (Pr. l, Fic. 3), measures | 


about 50 u. The central part is several cells | 
thick almost up to the middle of the thallus. | 
Some of the peripheral cells ( as those on the | 
right of the figure) are extremely small. | 
This specimen looks slightly different from 

that figured as , but still, I think it belongs | 
to the same type of thallus though not to | 
the same species. | 


The second type of thallus ( PL. , Fic. 4) jf} 


found in the lignites of Warkalli ( Miocene ) | 


in Kerala is also circular or with a slightly ||] 


variable outline but with an entire margin 
and measures 88 u in diameter. The cen- | 
tral part is two or three cells thick and the 
peripheral part one cell thin. The cells in 
the centre are roughly hexagonal and thick- 
walled while those towards the periphery are | 


long and radially disposed. Some of the ||] 


divided marginal cells impart a characteristic | 
appearance to the thallus. Unicellular stig- |) 
matocysts (Pr. l, Fic. 5), most probably ||! 
of this species of thallus, have also been 
found scattered in the material. Some of | 
these show stages of division ( PL. I, Fic. 6). 
They are shield shaped with a slightly cre- 
nulate margin and measure 30 [५ in diameter. 
No hyphae are associated with these thalli 
which, evidently, are, like the previous ones, 
the ascomata of an epiphyllous fungus. 
The thyriothecium in view of its superficial, 
circular and discoid nature, entire margin, 
absence of mycelia can be referred to the 
Microthyreae of the Microthyriaceae. There 
is indeed a close resemblance in form and 
appearance between my specimen and the 
one figured by Edwards ( 922, Fic. 4) as 
Phragmothyrites eocenica and found occurring 
on fossil conifer leaves in the Eocene depo- 
sits of Mull in Scotland. My specimens 
cannot, however, be referred to this species 
as the thyriothecia are much smaller and 
the stigmatocysts much larger than those 
in Phr. eocenica. For reasons already ex- 
plained above the reference to the genus 
Phragmothyrites is also inadvisable. 

Miss Cookson (947, pp. 240, 24) has 
described three species of Microthyriacites, 
but all of them are much bigger than my 
specimen and also look different. But 
the diagnosis of the genus is wide enough 
to accommodate my specimen and I, 
therefore, refer it to the genus Microthy- 
riacites. 
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Microthyriacites Cookson 


Microthyriacites edwardsi sp. nov. 


Diagnosis — Thyriothecia, flat dimidate, 
superficial up to 90 u in diameter, central 
cells more or less hexagonal, outer cells 
radially arranged, elongated, peripheral cells 
cleft, stigmatocysts shield shaped. No my- 
celia or osteole seen. 

Locality — Workalli, Kerala, India. 

Age — Miocene. 

The third type of thallus occurs in large 
numbers in the South Arcot as well as 
Palana lignites and varies much in form, 
orbicular, shield shaped (Pr.  ।/ Fic. 7), 
oval, elliptic (Pr. l, Fic. 8) and often 
approaching a dimidate condition. In size 
they range from 45 to 245 u in diameter. 
In these thalli which generally appear to be 
thinner than the above two types, the central 
part is more compact and made up of fairly 
thick-walled isodiametric cells. The broad, 
peripheral part is made up of long thin- 
walled cells — sometimes very long and 
narrow. The margin is sinuous but entire. 
The aperture-like area seen in the first type 
of thallus is not seen here. Fig. 9 shows a 
very young thallus (80 u). A slightly older 
thallus ( [45 y in diameter ) found in another 
slide is seen on a fragment of the lower epi- 
dermis of an unidentified leaf (Pr. , FıG.0). 

The specimens described above (Pr. l, 
Fics. 7-]0) can also be referred to the 
Microthyriacites in spite of the absence of a 
confirmed dimidate condition of the asco- 
mata, because they seem to have the same 
general organization of the ascomata attri- 
buted to this genus. But they cannot be 
compared to any of the species described by 
Miss Cookson although a certain degree of 
similarity may be seen between my speci- 
mens and M. grandis which is slightly dif- 
ferent from the type specimen. 


Microthyriacites Cookson 


Microthyriacites cooksont sp. nov. 


Diagnosis — Thyriothecia, flat, slightly 
dimidate and orbicular or shield shaped, 
45-245 u in diameter, central region of 
thick-walled compact cells, outer region of 
elongated, thin-walled cells. 

Locality — Palana and South Arcot. 

Age — Eocene and Miocene respectively. 

None of the above described thyriothecia 
can be compared with the ones figured by 


Mrs. Chitaley (957). Besides, her speci- 
mens seem to have mycelia attached to 
them while no mycelia are clear in my 
specimens. 

In the macerated material are met with 
several kinds of bodies some of which at 
least are remarkably like fungal spores and 
hyphae. Some of these are described 
below. Fig. ll appears to be a four-celled 
phragmospore which measures 50x 34:5 u 
and is broadly elliptic in shape. The end 
cells have slightly flattened end walls and 
are partly clear while the two central cells 
are more dark with filled-up contents. 
Another four-celled stalked spore is coiled 
and measures 92:3 x 20-6 u, with rounded 
cells (Pr. , Fic. 2). The transverse as well 
as vertical walls are two-layered. The spore 
looks very much like that of Helicoma and 
Helicomina ( BARNETT, p. 955, p. 79). The 
stalk is thin-walled and only about I2 u 
length of it is preserved. Another closely 
coiled spore-like body (Pr. की । ७ 3 
resembles the coiled conidiospore of Helico- 
sporium or Helicomyces ( BARNETT, 955, 
D. 79: CLEMENTS & SHEAR, ०3 54, 
Fic. 9a). There are three coils, the breadth 
is throughout uniform and about 37 compart- 
ments can be made out; the end cell is 
rounded. Fig. !4 shows another thick-walled 
spore-like body with about 8 cells, the last 
of which is comparatively elongated and 
clear. The entire thing narrows down at 
both ends and the biggest diameter would 
be about 0 u. It is difficult to say whether 
this is a multicellular phragmospore or an 
intercalary chlamydospore. Fig. 45 shows 
a small bit of a hypha about 8 u broad with 
clamp connections. All the above-mention- 
ed three spores have been found in Warkalli 
lignites. The meagre data at our disposal 
and the absence of any kind of definite fruc- 
tifications make it difficult as well as inad- 
visable to attempt any further comparison 
of these spores with living genera. 

The occurrence of the Microthyriaceae in 
the various Tertiary deposits of India so far 
studied has already been noted ( Rao, 954 
and 955). This confirms the widespread 
occurrence of this group of fungi during the 
Eocene periods in India and incidentally sug- 
gests that similar climatic conditions probab- 
ly prevailed in these widely separated regions. 

I wish to express my grateful thanks to 
Miss Isabel Cookson who while she was in 
Lucknow examined some of my slides and 
helped me with literature and advice. 
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x 680. 


THE PALAEOBOTANIST, VOL. 7 


RAO — PLATE | 


STUDIES ON THE FOSSIL FLORA OF NIPANIA, RAJMAHAL 
SERIES, INDIA — PTERIDOPHYTA, AND GENERAL 
OBSERVATIONS ON NIPANIA FOSSIL FLORA 


VISHNU-MITTRE 


Birbal Sahni Institute of Palaeobotany, Lucknow, India 


ABSTRACT 


The paper describes several silicified pteridophytic 
remains, Lycoxylon indicum ( SRIVASTAVA ) emend., 
L. Type 2, Sphenopteris sp., Cladophlebis sahnii sp. 
nov., 5 types of petioles and rachises, 3 types of 
sori, 3 types of isolated sporangia, 2 new species of 
Solenostelopteris Kershaw (S. nipanica sp. nov. and 
S. sahnii sp. nov.), 3 new species of Dictyoste- 
lopteris gen. nov. (D. rajmahalense sp. nov., D. 
fasciosteloides sp. nov. and D. jacobi sp. nov.) and 
Tinpaharia sinuosa Jacob. 

In general composition the fossil flora of Nipania 
seems to compare with the fossil flora of Jabalpur 
and the Kota Stages of the Upper Gondwana and is, 
therefore, believed to belong to the uppermost 


strata in the Rajmahal Stage. 
P a lycopodiaceous stem and two types 
of fern rachises from the Nipania 
chert were first reported by Srivastava 
(935, 937). Later Srivastava described 
a Lycopodium-like stem under the name 
Lycoxvlon indicum Srivastava ( SRIVASTAVA, 
946). Rao in 943 described some de- 
tached and empty sporangia and spores 
while in 948 he reported Gleichenia-like 
petiole remains from the chert. Several 
pteridophytic microspores and a few mega- 
spores have recently been described by me 
from the Nipania chert ( VISHNU-MITTRE, 
£953, 02000 70 * 

Our knowledge of the silicified pterido- 
phytic remains from the other Jurassic 
deposits in India has so far been confined 
to a few isolated sporangia and spores and a 
rhizome, Tinpaharia sinuosa Jacob ( JACOB, 
938, 943, 950) and a silicified osmunda- 
ceous stem, Osmundites sahnir Vishnu-Mittre 
( VISHNU-MITTRE, 955 ). 

From the Mesozoic outside India silicified 
pteridophytic remains have been described 
by Seward (894, 907, 9Il), Kidston & 
Gwynne-Vaughan (907 ), Kershaw (90 ), 
Stopes & Fujii (9I0), Sinnott (9I4), 
Sahni (920), Marshall (926), Ogura 


INTRODUCTION 
TERIDOPHYTIC remains consisting of 
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(927, 930 ), Edwards ( 933 ), Rao ( 934) 
and Arnold (950 ). 

The material here described consists of 
equisetaceous and lycopodiaceous axes, 
fern fronds, isolated rachises and petioles, 
isolated sori, isolated sporangia and filicinean 
stem fragments. Though the fragmentary 
nature of the material in hand has not per- 
mitted the correlation of the vegetative 
remains with the fertile ones, yet their 
structural details have advanced our knowl- 
edge of the anatomy of Jurassic Pterido- 
phyta about which, excepting few families 


‘( Cythaeaceae and Osmundaceae, etc.), prac- 


tically nothing has been known so far. 
Material and methods are the same as 

reported earlier ( VISHNU-MITTRE, 957). 
My thanks are due to Dr. K. R. Surange 

for kindly going through the manuscript. 


DESCRIPTION 


Equisetales 


Genus Equisetites Sternberg 
Equisetites rajmahalense Old. & Morr. 


The fragmentary specimen, l'5 x l-2 mm., 
probably representing the apical part of a 
branchlet, is identical with Equisetites raj- 
mahalense Old. & Morr. and is the first re- 
port from Nipania. 


Lycopodiales 
Lycoxylon ( Srivastava ) emend. 


The late Mr. B. P. Srivastava instituted 
the genus Lycoxylon for a silicified Lyco- 
podium-like axis possessing parallel-banded 
stele, discovered from the Nipania chert. 

Srivastava (l946) described only one 
species of the genus Lycoxylon, L. indicum 
Srivastava. During the recent investiga- 
tions of the plant-remains from the Juras- 
sic deposits at Nipania, some more axes, 
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resembling in their stelar anatomy the 
modern Lycopodium, were discovered. 

All the specimens described here are in- 
cluded in the genus Lycoxylon Srivastava. 
According to Srivastava’s diagnosis, this 
genus accommodates only those Lycopodium- 
like axes which possessed a parallel-banded 
stele. Taking into consideration the variety 
and plasticity of stelar anatomy in modern 
Lycopodium, it appeared justifiable to emend 
the diagnosis of the genus Lycoxylon so as to 
include in it all fossil Lycopodium-like axes. 

The referring of the additional axes with 
radial and mixed steles either to the only 
species L. indicum or raising them to the 
rank of new species will only be possible 
when more material is investigated. 


Emended Diagnosis — Axes with stelar 
type as in the genus Lycopodium. Inner 
cortex made up of thick-walled cells. Meta- 


xylem tracheids with scalariform pitting. 

The specimens, six in number, were dis- 
covered in thin sections of the chert. Fur- 
ther serial sectioning showed that only one 
of them was more than | cm. long while the 
others were only about 5-6 mm. long. 


Lycoxylon indicum Srivastava 
Pi igs sate ATX Eos 


The stele in this species, four fragmentary 
specimens of which are available, consists of 
parallel bands of xylem. One of the speci- 
mens is represented by a single cross-section 
about | mm. across. Two specimens measure 
about 5-6 mm. in length and about I mm. 
in diameter, only two serial sections of which 
are available. One of them shows branch- 
ing also ( PL. , Fic.  ). These three speci- 
mens resemble L. indicum except that they 
have only sixteen protoxylem groups while 
there are twenty protoxylem groups in 
L. indicum. 

The fourth specimen ( TEXT-FIG. ! }, two 
serial cross-sections of which are available, 
measures only 670 u across. It is more or 
less circular in outline and has three to four 
xylem plates with large polygonal elements, 
20-26 y across, and 6-7 protoxylem groups. 
A branching axis of this is also discovered. 
This specimen differs from L. indicum not 
only in its small size but also in less number 
of the xylem plates and the protoxylem 
groups. It might probably belong to the 
apical region of an axis of L. indicum. 

There is another axis ( PL. का 2 TEXT- 
FIG. 2), about 0-5 mm, in diameter, the 


stele of which is of the stellate pattern with 
seven arms. The number of arms can be 
made out by the number of protoxylem 
groups, some of which are seen in cross- 
section while the others are obliquely cut. 
The above specimen is presently included 
in L. indicum because of insufficient material 
and the plasticity noted in modern Lyco- 
podium in the parallel-banded and the radial 
types of the steles. In its very small size 
the specimen is believed to belong to the 
younger axis of L. indicum. With more | 
material it may be possible to show in future | 


whether this fragment belonged to a distinct | 


species or a type different from L. indicum. 


Lycoxylon, Type 2 
Pity Bigs Texte 


A single specimen, about 0-75 mm. in 
diameter, shows its stelar portion slightly 
displaced towards one side of the axis leaving 
a wide gap on the other side. The inner 
cortex ( PL. , Fic. 3 ), pericycle and phloem 
sheath are preserved. The endodermis 
shows thickening of the radial walls ( TEXT- 
FIG. 3). The pericycle is made up of cells 
two layers in thickness. 

The xylem ( TEXT-FIG. 3 ) consists of nine if 
separate groups arranged in a ring. Each | 
group is formed by about six large meta- 
xylem elements, each 40-33 in diameter. 
These are flanked towards the periphery by 
the smaller elements of the protoxylem. 
The central part of the axis is occupied by 
thin-walled cells. Similar thin-walled cells 
are seen as narrow radiating bands between 
the xylem groups. 

Comparison — Lycoxylon, Type 2, differs 
from Lycoxylon indicum Srivastava in its 
stelar pattern and might belong to another 
species of Lycoxylon. 


DISCUSSION 


The parallel-banded, radial and mixed 
types of steles in the specimens described here 
resemble very much the stelar patterns found 
in modern Lycopodium. Probably these 
three types of axes belonged to Lycopodium- 
like plants. 

If it were not known that a great degree of 
plasticity exists in the stelar pattern of 
modern Lycopodium, these axes might have 
been regarded as belonging to different 
species. Holloway (99, p. 208) distin- 
guished three main cycles of affinity in 
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TEXT-FIGS. 4-5 —, Lycoxylon indicum Srivastava emend. 
2, cross-section of a part of another axis showing radial stele. 


younger axis. X Î53. 


xylon, Type 2. 
sp. nov. A fragmentary specimen. x 5. 


Lycopodium, namely the Selago-Phlegmaria 
section, Inundata-Cernua section and the 
Clavata section. These sections are charac- 
terized respectively by steles of the stellate 
(or radial) type, the mixed type and the 
parallel-banded type, Holloway (99) 
concludes that the section Clavata has a 
persistent normal stele and the plasticity 


Cross-section of a part of an axis showing mixed stele. x 53. 
5, epidermal cells and the stomata. 


5 


Cross-section of a part of a probably 
x ॥53. 3,०77 0607 
4, Cladophlebis sahnii 
x 90. 


may be found in other sections of the genus. 
Hill (9i4, p. 82), on the other hand, finds 
that the radial and the parallel-banded types 
of steles may occur ın the same stem and 
associated with the crescentic and amphi- 
vasal types of steles also. Hill ( 94, 99 ) 
cautions against attempts to place the 
species of Lycopodium in definite categories 
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on the basis of the characters of the stele 
which, according to him, vary considerably in 
the same species in different regions of a 
stem, e.g. in L. carinatum, L. varıum, L. 
phlegmaria, IL. phyllanthum, L. hamilton 
and L. selago-{ HoLLoway, I997 pP. 33; 
Fıc. 5). There are also cases where the 
banded stele is found in the adult stage while 
the young parts and the ultimate branches 
possess the radial structure, e.g. L. clavatum 
( Jones, 905 ), L. fastigiatum ( HOLLOWAY, 
499 ), L. wightianum ( CHOWDHURY, i937) 
and L. reflexum ( HILL, 92॥977 Nevertheless, 
Holloway (99) looks upon the parallel- 
banded type as persistent. 

Less plasticity has, however, been noted 
in the mixed type of the stele. According 
to Holloway ( 99, 9. 84) in the Znundata- 
Cernua section of the genus Lycopodium 
the stele is persistent right from the early 
seedling stage, except in L. cernuum where 
the phloem shows considerable differentiation. 
The mixed type of the stele, as achieved in 
some of the species belonging to Urostachya 
( Selago-Phlegmaria ) section, e.g. L. varıum 
and L. billardiert ( HoLLowAY, .99, pp. 7- 
73 ), is very much different from that found 
in Inundata-Cernua section of the genus. 

Thus in the light of the great plasticity in 
the stellate and parallel-banded stele in 
modern Lycopodium the axis with radial 
stele is included in Lycoxylon indicum which 
otherwise includes axes with parallel-banded 
stele. Since less plasticity is noted in the 
mixed stele in the living Lycopodium, the 
Nipania specimen showing the mixed stele 
is described as a distinct type. 

Whether Stems or Roots ? — In the absence 
of the outer layers of the cortex which would 
bear the leaf-traces and leaf-bases, it is dif- 
ficult to determine whether the present 
specimens belonged to stems or roots. In 
certain species of modern Lycopodium the 
vascular cylinder of the root is similar to 
that of the stem, e.g. L. annotinum and 
L. complanatum ( Russow, 872 ), L. wightia- 
num ( CHOWDHURY, 937, p. 200), and 
aerial roots of L. volubile ( HoLLoway, 96, 
p. 239). The stelar anatomy of the cortical 
roots varies in different species and some- 
times in the same species, as L. phlegmaria 
( CHOWDHURY, 937, pp. 240; 2il; Pr. 44, 
Fic. 28; TEXT-FIG. l6a). Although the 
stelar structure of the root is generally dif- 
ferent from that of its own stem, it may 
resemble that of a stem belonging to the 
other sections of the genus. For instance, a 


stem of L. selago ( Selago-Phlegmaria section ) 
has a radial stele, while the roots, parti- 
cularly the older ones, may have parallel- 
banded stele which resembles the stele of the 
stem in some species of the Clavata section 
(SEXELBEY, 00 p. 22). 

Besides these three kinds of the axes, © 
microspores and megaspores belonging to 
the Lycopodiaceae ( VISHNU-MITTRE, 954, 
pp.i20,2,25) have also been described from | 
Nipania chert. It is interesting to note that 
the stelar pattern in these axes remarkably 
compares with that of three or four sections 


of the modern Lycopodium. Similarly the | 
spore Types l and 2 in the subgroup Rek- | 


culatisporites ( VISHNU-MITTRE, l954, p. 20 ) 
compare with the spores of some species of 
modern Lycopodium. The occurrence of 
several Lycopodium-like axes probably be- 
longed to different species of Lycoxylon. 
Whatever may be the value of the lycopo- 
diaen material described here it is undoubted- 
ly certain that Lycopodiaceae, not very 
unlike its modern representatives, existed 
in the Jurassic horizon. Lycopodiaen mega- 
fossils so far known either from the Palaeo- 
zoic or from the Rhaetic are very much 
unlike the modern forms in being woody or 
large plants. Jurassic lycopods of Nipania 
were herbaceous in habit like the modern 
lycopods. When did the lycopods attain 
the herbaceous habit is unknown, but it 
must have been somewhere in the pre- 
Jurassic period. 


Filicales 


A. FRONDS 
Genus Sphenopteris 820. 


Sphenopteris sp. 


The specimen, about 5 mm. long, consists 
of linear, narrow and dichotomously branched 
segments with entire margins and a round 
apex. Each segment is traversed by a 
single vein. 

The epidermis consists of sinuous cell 
walls. Stomata not seen. Mesophyll is 
made up of cubicular cells. 

Comparison — In its external characters 
the specimen compares with the pinnules of 
the impressions described as Sphenopteris 
khairbaniensis Ganju from the Rajmahal 
Hills, Bihar ( GANJU, 946 ), but differs from 
it in its shorter segments. The anatomy of 
S. khairbaniensis is not known, 
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Genus Cladophlebis Bgt. 
Cladophlebis sahnii sp. nov. 


Pl. {, Figs. 4, 5; Text-figs. 4,5 


There are three specimens: a fragment of a 
frond, about 2-8 cm. long, with a complete 
pinna l'5 cm. long, and three fragments of 
pinnae from about 6 mm. to l:5 cm. long. 

Rachis is broad; pinnules -3x l-]-5 mm., 
shorter and broader with a round to bluntly 
pointed apex, attached by the whole of the 
broad base to the axis of the pinna. Midrib 
is well marked. Secondary veins arise from 
it at a wide angle and run more or less 
obliquely upwards to the edge of the lamina 
and dichotomize there. Pinnules are entire. 
But for the presence of double dichotomy 
in the lowermost secondary vein, single 
dichotomy is noted as a rule. 

The specimens are petrified and studied 
in more or less surface sections only. 

Anatomy — Secondary veins are made up 
of elongated rectangular cells. Each vein or 
veinlet is lined on either side by a single row 
of broader cells. The lamina in between the 
veins consists of shorter cells which are more 
or less round. 

In one of the specimens few stomata are 
seen scattered while the epidermal cells are 
not preserved. Few sinuous, walled epi- 
dermal cells are seen in a pinnule of another 
specimen ( PL. l, Fic. 4). In a third speci- 
men ( TEXT-FIGS. 4, 5 ) both the stomata and 
the sinuous epidermal cells are seen. The 
stomata are ellipsoidal in shape. 

In some pinnules of one of the specimens 
(Pr. |, Fic. 4) along the margin are seen 
what appear to be ridges made up of elon- 
gated thick-walled cells arranged at right 
angle to the length of the pinnule (Pr. I, 
Fic. 5). These ridges are seen not only 
near the termination of the secondary . veins 
but also occurring between the veins. These 
might perhaps represent the interstitial 
ridges. 

Comparison — Cladophlebis sahnit is the 
only species in the genus Cladophlebis whose 
anatomy is known. Some anatomical de- 
tails, revealed by maceration, in the laminar 
portion of C. indica were, however, described 
by Jacob 2500 0 The pitted 
cells and the cavities filled with brown sub- 
stance in the laminar portion of C. indica 
are not observed in Nipania specimens. 

Though in external features C. sahnii 
approaches C. denticulata but nothing is 


known about the anatomy of the leaves of 
C. denticulata. 


B. ISOLATED PETIOLES OR RACHISES AND 
SECTIONS OF LAMINEAE 


The detached specimens in the Nipania 
chert comprise five Types. 


Type l 
LPAI Aly Benes Ce, 7/ 


The petiole, about 2x2 mm., a single 
cross-section of which is available, has an 
unbroken deeply inrolled horse-shoe-shaped 
stele enclosed in a thick sclerotic sheath. 
The stele is more or less wavy with the 
protoxylem groups tucked in. The endarch 
protoxylem groups are about 2-l3 in num- 
ber. Each protoxylem group is made up 
of small xylem tracheids enclosing an open 
space — a sort of an island of parenchyma 
Maren 

Comparison — The petiole resembles very 
much the petiole of Gleichenia ( BOWER, 926, 
pp: 20% (0 Fic. 479) but sor the large 
number of protoxylem groups in the Nipania 
specimen which in Gleichenia are only 3 or 4. 
Petioles resembling Gleichenia were reported 
from Nipania by Rao ( 948, p. 253). 

The C-shaped stele of our fossil petiole 
resembles also the petiolar stele of Osmunda- 
ceae which has large number of protoxylem 
groups. The soft parenchyma surrounding 
the dark sclerotic sheath, a regular and 
recurring feature of the Osmundaceous leaf- 
bases ( BOWER, l926, 9. 34), is not known 
in the Nipania specimen. 


Type 2 
ROIS O7 


The petiole, about |x0-5 mm., in two 
serial sections, more or less oval in shape, is 
flattened perhaps due to preservation. The 
C-shaped xylem band has incurved margins. 
It is continuous and very much _ fluted. 
Protoxylem groups, twelve to fourteen in 
number, are endarch and do not enclose any 
island of parenchyma. 

The ground tissue mostly crushed consists 
of thick-walled smaller cells. In one of the 
sections, cut more or less obliquely by the 
metaxylem, tracheids show the scalariform 
thickening, while the annular pitting is 
seen in the protoxylem elements, 
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TEXT-FIGs. 6-0 — 6, petiole Type 2. 
C-shaped stele with incurved margins. 
outgoing pinna trace. x 234. 
0, petiole Type 4. 
(2.ir.). x 234. 


x 264. 


Text-fig. 7 shows an outgoing pinna-trace 
in a solitary cross-section of another+ similar 
specimen. 

Comparison — The specimen shows closer 
resemblance to the petioles of Tinpaharia 
sınuosa Jacob, a Jurassic fern known from 
Tinpahar in the Rajmahal Hills, Bihar, but 
differs from it in the absence of island 
of parenchyma enclosing the protoxylem 
groups. 


p SD) > 


Cross-section of a specimen showing sinuous nature of the 
7, cross-section of another specimen showing the 
8, 9, petiole Type 3. Cross-sections from two different specimens. 
Four serial cross-sections (a-d) showing the extramarginal origin of the pinna-trace 


x 233. 


Type 3 
Text-figs. 8, 9 


There are four specimens in 4-3 serial 
sections. The petioles, about  »< -:5 mm., 
are oval or triangular ( TEXT-FIGS. 8, 9) and 
possess a more or less thick band of stele, 
straight or shaped like an inverted V, but 
the margins are not incurved. The stele is 
continuous, The band is 5-8 cells thick; 
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-metaxylem alone 3-4 elements thick; proto- 
xylem elements are scattered along the peri- 
phery of the stele and are not aggregated 
into groups. 
dermis are not preserved and are replaced 
by an empty space. The ground tissue is 
sclerenchymatous, 

Comparison — The undivided, more or 
less attenuated saddle-like meristele as in 
the specimen, according to Bower (926, 
pp. 60, 6; Fic. 445 ) is seen in the petioles 
of modern Anemia. Davie (9l4; Pr. 33, 
Fic. 4) has figured the petiole of Anemia 
collina showing somewhat similar characters. 


Type 4 
Text-fig. 0 


The stele in this type of petiole, a single 
specimen, about 3-5 mm. long and 9-5 mm. 
in diameter, of which is available, is more or 
less plicated. The stele consists of an almost 
concave abaxial portion flanked by incurved 
margins. The folds of the stele give it a 
regular hook-like extremities, Text-figure 0 
shows the extra-marginal origin of a pinna 
trace in the specimen, 

Comparison — The petiole seems to be 
similar to those of Balantium culcita and 
Histiopterts incisa ( DAVIE, 94, pp. 350-352; 
Pr 34, FIG. 3 0 Pv, 35, Pie, ॥0 Text-ri¢- ). 
But the arch of stele in B. culcita is flat- 
topped and the origin of the pinna trace is 
marginal (Davie, 9!4). The extra-mar- 
ginal origin of the pinna trace seems to be 
similar to that of Histiopteris incisa. 


Type 5 
BLEI Tens te, 9) 


Closely associated with the petiole Type 2 
but not in organic connection, the slide shows 
a fragmentary isolated pinnule cut in cross- 
section, only two serial sections of which 
could be prepared. In one of the veins the 
specimen shows a C-shaped trace with in- 
curved margins (Pr. |, Fic. 9}, The trace 
has only 4-5 protoxylem groups. The softer 
tissues are not preserved. It is surrounded 
all round by a sclerenchymatous tissue which 
forms a ring round it. The mesophyll of the 
lamina is loose. 

Comparison — Very much similar ana- 
tomy is described in the isolated fossil pin- 
nules believed to belong to Osmundites 
spetsbergensis Nath. from the Tertiary of 
Nordenskiöldsberg and  Van-Mijensberg, 


Phloem, pericycle and endo- . 


Spitzbergen ( NATHORST, 490, cf. Kipston & 
GWYNNE-VAUGHAN, 94, pp. 47l, 472; 
Pr, 42; Ries, 3-46,47. AS PL MS PRIS. 
25-27 ). 


C. ISOLATED SORI 


The isolated sori are also discovered in thin 
sections of the chert. They are sectioned in 
various planes, 


Type I 
Pl. 2, Fig. |() 


The specimen shows probably a vertical 
section through the sorus. The receptacle 
(r) of the sorus is borne on a vein which along 
with the mesophyll tissue forıns an elevation. 
The obliquely cut tracheids show scalariform 
thickening, There is one indusium ( 7nd.) 
seen in the specimen. In the only isolated 
section available it is not possible to say 
whether it is the lower or the upper indusium. 
The sorus is mature and appears to be of 


mixed nature. The fragmentary annuli 
seem to be vertical. The paraphyses are not 
observed. 


The exact form and size of the smooth- 
walled spores sectioned in various planes 
cannot be made out. 

Comparison — The sorus seems to show 
general characters of the sori of Dennstead- 
tiaceae and Polypodiaceae in being a mixed 
type and possessing vertical annuli. 


Type 2 
PI. 2, Figs. , ॥200 Text.-figs. [[-॥+ 


The specimen, a fragment of a fertile leaf, 
bears 5-6 sporangia singly arranged in a 
linear row. 

The sporangia are large, | 995 mm. to 
0-5 mm. Annulus ( ann.) apical made up 
of elongated thick cells arranged vertically a 
little below the apex (ap. pl). Only two of 
these cells are seen in a vertical section of a 
sporangium (Pr, 2, Fic. ॥2),. These cells 
are very finely striated, with striations at 
right angle to the length of the annulus. 

Spores 95 u, tetrahedral, triangular, tri- 
radiate. Exine made up of parallel-running 
and dichotomizing ridges. Angles round 
and sides retracted, 

Another specimen ( TEXT-FIG. I), about 
3-3x:2 mm., shows ovoid sporangia, 
847 x 500 u, arranged singly on either side of 
the lamina, This specimen probably shows a 
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TExT-FiGs. 4-4 — ll, Sorus Type 2. A frag- 
ment of a fertile leaf bearing 3 ovoid sporangia each 
with apical annulus. x 534. 2, epidermal cells 
on the wall of asporangium. x 250. 3, a part of 
annulus enlarged. x 250. 4, a spore. x 250. 


surface section while the specimen described 
above shows an oblique vertical section. 
The annulus in the sporangia of this speci- 
men is also apical, only three teeth-like 
remains of which are preserved in one of the 
sporangia ( TEXT-FIGS. ll, 3 ). The wall 
of the sporangium is made up of rectangular 
cells with wavy walls ( TEXT-FIG. 2). The 
spores are exactly similar to the spores of the 
specimen described above except that they 
are slightly smaller in dimensions above 
88-8 u in size ( TEXT-FIG. 4). 

Comparison --In possessing individual 
sporangia with apical annulus and striated 
trilete spores, the specimen seems to show 
affınities with the Schizaeaceae. 

In general characters the specimen com- 
pares with the impressions of various species 
of Klukia ( RACIBORSKI, 890 & 894:; 
SEWARD, 90; Bower, 926; OısHı, 939; 
Harris, [946 ) known from the Jurassic of 
Poland and the inferior Oolite of Yorkshire 
Coast. The Nipania specimens being frag- 
mentary, detailed comparisons cannot be 
made. Further the spores, known only in 


Klukia exilis, are different ( HARRIS, 946, 
pas62)): | 
The schizaeaceous nature of the specimen | 
is further confirmed by the architecture of 
the spore wall which is very much like that 
of the spores of Anemia and Mohria ( KNOX, 
938, p. 447; Bower, 926, p. 67, Fie. | 
45l, K). In the wavy nature of the cells 
of the sporangia the second specimen differs 
from Anemia, the sporangia of which have 


straight-walled epidermal cells ( DIELS cf. | 


ENGLER & PRANTL, 902, p. 357). 


Type 3 
IAL, Py Jeri, lasst 


The fragmentary specimen is completely | 


carbonized. It consists of a cylindrical axis | 
made up of rectangular cells elongated along | 
the length of the axis. It bears at its right 
angle a small lateral branch which gives off 
two to three secondary branches, each of 
which ultimately branches into two and 
bears a sac-like sporangium. 

The sporangia, ruptured irregularly, are 
swollen bodies. Annulus or any other mode 
of dehiscence is not observed. The wall of 
sporangium is made up of elongated poly- 
gonal cells ( Pr. 2, Fic. 4.). Spores not seen. 

Comparison — Branched sporangiophores 
with sporangia devoid of annulus are not 
known so far in the fossil state. Amongst 
the living plants branched sporangiophores, 
bearing sporangia devoid of annulus, are met 
within the Ophioglossaceae, viz. Helmintho- 
stachys ( BowER, 2207) 74, Fic. 374, C). 


D. ISOLATED SPORANGIA 

There is plenty of record of the fossil 
sporangia im situ. The detached fossil 
sporangia are scantily known. From the 
Jurassic rocks of India Jacob (938) and 
Rao (943) described the isolated fossil 
sporangia. Under the name Schizaeopteris 
mesozoica, Stopes and Fujii {90) des- 
cribed certain isolated schizaeaceous sporan- 
gia from the Upper Cretaceous of Hokkaido 
in Japan. 


Type I 
VEN Bi, Wile, SNS Aker, RE 


Sporangia, 350-550 x 50-400 u, with a 
vertical, probably oblique, incomplete, annu- 
lus; stomium transverse. Spores, 25-35 u, 
tetrahedral, trilete, smooth-walled. 
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Sporangium Type i 


TEXT-FIGS. {5-29 —— {5, a specimen showing annuli of four sporangia arranged in a vertical row and 


with a reflexed tissue (rt) below. x 
mens 230: 


tions of two more sporangia. x 53}. 


22, 23, another sporangium at two different focii. x 534. 
another sporangium at two different focii showing a stalk (st). 
28, another sporangium with spores. 


from above. x 250. 


x 250. 


Type Î is represented by more than 6 
specimens. The stalk, preserved in one case 
( TEXT-FIGS. 25, 26) is four-celled, while in 
another sporangium ( TEXT-FIGS. 30, 3) 
the stalk is vertically cut so the number of 
cells it is made up of is not known. In 
several sporangia the annulus seems to be 
vertical and oblique ( TEXT-FIGS. 7-9, 22, 
23, 25, 26, 30-33). In one of the specimens 
shown in Text-fig. 5, measuring about 3-l 
mm. in length, four fragmentary to com- 


7, 8, a sporangium at two different focii. 
2l, a sporangium showing the sinuous epidermal cells. 


534. ]6, a spore from the topmost sporangium of above speci- 
2 I 


9, 20, indenta- 
x Dar 
24, a spore from above. x 250. 25, 26, 
x 534. 27, cross-section of a stalk 
x 534. 29, spores from above enlarged. 


St.=stomium. x 534. 


plete annuli are seen preserved in a linear 
row with a partly reflexed tissue ( #/ ) below. 
The specimen probably belongs to a sorus and 
the reflexed tissue probably represents the 
indusium. A more or less complete indenta- 
tion in the above specimen measures 38 x 
80 u in size and the trilete spores ( TEXT- 
FIG. I6) measures about 27:5 u in size. 
The spores in the sporangium, about 360 u 
in size shown in Text-fig. 28, are 26:30 à 
with the open trilete, while in another 
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sporangium ( TEXT-FIGS. 22, 23 ) about 400 u, 
the spores are 30-35 u in size. Stomium, 
wherever seen, is found to be transverse. 

The wall of the sporangium is seen pre- 
served only in four sporangia. It consists 
of wavy epidermal cells in the sporangium 
shown in Text-fig. 2l and straight-walled 
epidermal cells in the sporangia shown in 
Text-figs. 30-33. 

The specimen in Pl. 3, Fig. 7, shows two 
sporangia partly overlapping one another. 
The spores measure 66 u in size, 

Isolated and empty sporangia with vertical 
annuli from Nipania chert were first described 
by Rao (943). Sporangia with vertical 
incomplete, oblique annuli and transverse 
dehiscence occur in the Dennsteadtiaceae, 
Dicksoniaceae and Polypodiaceae. 


Type 2 
PIN 2, Bigs tio, Os Textties 34.235 


Sporangium, 480 x 260 pu, witha verticaland 
probably oblique annulus. Spores, 4]-50 u, 
tetrahedral, trilete. Spore wall ornamented 
with very fine, often dichotomizing, ridged 
and assymmetrical striations. 

Tex-fig. 34 shows another fragmentary 
specimen with similar spores in situ ( TEXT- 
FIG. 35). 


TEXT-FIGS. 30-33 — 30, 3], a sporangium at two 
different focii showing the oblique annulus, straight- 


walled epidermal cells. x ca.5. 32, 33, two more 
sporangia showing the oblique annulus, stomium 
spores and straight-walled epidermal cells. x ca. 5. 


35 


Sporangium Type 2 


TEXT-FIGS. 34-37 — 34, a fragmentary sporan- 
gium with spores. x 534. 35, a 5906 from above. 
x 250. 36, 37, indentations of two sporangia 
showing transverse annulus. x 53#. 


More or less similar spores with com- 
paratively thicker striations are described 
from the same chert as Liratosporites Type | 
( VISHNU-MITTRE, 5 p. Presa 
Fics. 0, 4-6 ) and shown to belong to the 
Cyathaeaceae than the Schizaeaceae ( VISHNU- 
MITTRE, {954, p. 25). This is confirmed 
by the non-schizaeaceous type of the annulus 
in the specimen. 


Type 3 
Ply 3, 0 Re, Mo, A0 07 


The specimen ( TEXT-FIG. 36 ) about 70 u 
in diameter is seen from its distalend. The 
annulus appears to be uniseriate, horizontal 
and complete. Spores not preserved. 

The specimen in Text-fig, 37 shows another 
similar sporangium at lower magnification. 

The specimens show characters of the 
sporangia of Gleicheniaceae ( Bower, 926, 
9. 205; Fic. 489; Eames, 936, p; -486; 
Fic. 20 ). 

The sporangium shown in Pl. 3, Fig. 8, 
about 240X66 u, is made up of cells 
with straight walls and with a broad base. 
Annulus appears to be apical, transverse, 
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consisting of I4-6 columner thick-walled 
cells. Since the plane of section is not 
known, it is not possible to say definitely 
about the nature of the annulus which reminds 
one of the schizaeaceous sporangia as well 
as the gleicheniaceous sporangia ( BOWER, 
926, pp 67, 206; Fics. 45l, 489). 


E. STEMS 


Our knowledge of the structure of the 
Jurassic filicinean stems is very meagre and 
is chiefly based upon the following species: 

Osmundites dunlopi, O. kolbei, O. gibbiana, 
O. sahnit (SEWARD, 907: Kipston & 
GWYNNE-VAUGHAN, 907; Saunt, 920:; 
VISHNU-MITTRE, 955 ); Gleichenites boodlei 
and Rhizomopteris gunni (SEWARD, I9); 
Cyathocaulis nakogensis (OGuRA, 927 ); 
Ciboticaulis tateiwave (OGURA, 927); Tinpa- 
harıa sinuosa ( JACOB, 938, 943 and 950). 

The stems described here comprise six 
new types. They are all fragmentary, mea- 
suring about 2 mm. to hardly about 25 mm. 
in length. In comparatively longer frag- 
ments several serial sections, while in smaller 
ones only 2-5 serial sections could be made. 
The specimens show either a solenostele or 
dictyostele. With the exception of one or 
two specimens which are devoid of roots or 
petioles or their traces, the rest have either 
both or either of them. 

Because of the specimens being frag- 
mentary and their details not completely 
known, the comparisons are only restricted 
to the Mesozoic silicified ferns. 


Genus Solenostelopteris Kershaw 


Solenostelopteris nipanica sp. nov. 
Pl. 3, Figs. 9-2 


The fragmentary specimen (Pr. 3, Fic. 
॥ ) about | mm., in diameter, is only 
available in a single cross-section. 

The cortical tissue is crushed and poorly 
preserved. It appears to be soft and paren- 
chymatous. The innermost part of this 
tissue is comparatively darker in colour than 
she rest (Pr. 9, Fies. 9) 20). In the 
outer region are seen a root trace (r.fr.) 
and a C-shaped structure probably a petiole 
trace (?.tr.) both cut obliquely (Pr. 3, 
Fic. 20). 

The central ground tissue is sclerized and 
is made up of slightly radially elongated 
hexagonal cells with air spaces between 


them. The cells of the ground tissue in the 
centre are crushed. The cells at the peri- 
phery of this medullary tissue are smaller in 
size and less sclerized. In between the 
central ground tissue and the solenostele 
there is an irregular parenchymatous layer 
-2 cells thick. No parenchyma is noted in 
the sclerized layers of the ground tissue. 

The stele is a solenostele and the specimen 
shows probably a cross-section through an 
internode slightly above the nodal region as 
it appears from the complete ring of the 
solenostele and a departing root trace and a 
petiole trace. 

The xylem band is -3 tracheids wide. 
Xylem parenchyma is present. Protoxylem 
elements are exarch, in groups and also 
singly scattered along the metaxylem tra- 
cheids. Endodermis, phloem and pericycle 
mostly crushed and very indistinctly pre- 
served. 

The petiole trace appears to be C-shaped 
in outline with slightly incurved margins. 
No other structural details are noted in the 
petiole trace as well as in the root trace both 
of which are obliquely cut. 

Comparison — In the absence of sclerized 
nature of the inner cortex the specimen dif- 
fers from S. japonica and S. loxsomoides. In 
the absence of parenchymatous layer in the 
outer sclerized layers of the central ground 
tissue, the specimen further differs from 
S. japonica while in this respect resembles 
3. loxsomoides. Since the cortex is not com- 
pletely preserved, the presence or the 
absence of the hairs as described in S. loxso- 
moides cannot be made out. 

The details of S. radicicula are not avail- 
able for comparisons. 


Solenostelopteris sahnit sp. nov. 
Pl. 3, Figs. 22, 23; Text-figs. 38-46 


The stem, 6-8 x 2-3 mm., is elliptical and 
flattened due to preservation and devoid of 
any emergences from the epidermis. The 
stele is also elliptical and measures l-2 mm. 
in length and 0-5 mm. in breadth. The 
specimen, cut in four slices, showed two 
nodes and four internodes all in cross- 
sections (TEXT-FIGS. 39-44). There is 
another specimen shown in Text-figs. 45 
and 46 which is available in two serial cross- 
sections. 

Three zones are recognized in the cortex 
(PL. 3, Fic. 23), viz. an outer 5-6-celled 
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43 


| 4 


Solenostelopteris sahnii sp. nov. 


TEXT-FIGS. 38-44 — 38-43, six serial cross-sections 
of the stem showing the origin of a branch-trace 
(D. tr.) and a leaf-trace (!. tr). x 28. 44, a res- 
toration of the solenostele. x 4. 


with lumina filled with some black subs- 
tance and cells tangentially elongated ( PL. 4, 
Fic. 24), a middle zone of 4-5 thick-wall- 
ed large polygonal cells (Pr. 4, Fic. 25). 
In a slightly oblique section the cells of the 
middle layer cut obliquely and appearing in 
patches look like the islets of thick-walled 
tissue’ (Pr 4, 00000 220 065. Thetinner layer 
consists of small-celled mostly crushed tissue. 
The stele is a solenostele and its continuity 
is broken here and there only by the depar- 
ture of the leaf-traces, the gaps thus pro- 
duced are closed up in the internodal region 
above before the next leaf-trace departs. 
The stele is amphiphloic; endodermis, 
phloem and pericycle are poorly preserved. 
The xylem band is not uniformly thick. In 
its thickest part it is 4-5 elements thick 
(PL. 3; Fics 233) Pr4, Fie 272). KXylem 


parenchyma is present. Tracheids show 
scalariform thickening. The protoxylem ele- 
ments are scattered rather than arranged 
in groups. 

A root trace is a diarch plate of xylem 
forming more or less an oval mass with 


poorly preserved cells around it perhaps | 


representing the softer tissues (PL. 4, 
Fic: 28 ). 

Mode of Branching — Following the stele 
from below it shows a complete solenostele. 
It is interrupted a little distance up by the 
departure of a branch trace and soon be- 
comes a complete ring again. About I-2mm. 
beyond this stage the stele gives of a leaf- 
trace. Soon after the departure of the leaf- 
trace the stele again assumes the ring shape. 
A restoration of the stele by superimposing 


the serial sections is shown in Text-fig. 44. 


TEXT-FIGS. 
sp. nov. 
men. 


45, 46 — Solenostelopteris sahni 
Two serial cross-sections of another speci- 
pr. Ir.=root-trace. x 33. 
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Comparison —S. sahnii differs from S. 
nipanica and from the other species of 
Solenostelopteris chiefly in the nature of its 
ground tissue and the distribution of its 
various layers. The specimen also differs 
in size. It differs from S. japonica in the 
absence of parenchyma in the outer layers 
of the central ground tissue and from S. 
loxsomoides in the absence of the multi- 
cellular hairs. 


Genus Tinpaharia Jacob 
Tinpaharia sinuosa Jacob 


An obliquely cut rhizome, about 2-5 cm. 
long and l cm. broad, obtained in five thick 
serial sections is identical with Tinpaharia 
sinuosa Jacob. 

From Nipania the occurrence of Tin- 
paharia was first reported by Jacob ( 938, 
pp. 248, 249) who compared Matonia-like 
rachises from Nipania ( SRIVASTAVA, 935, 
p. 285 ) with Tinpaharia sinuosa. Rhizomes 
surrounded by petioles are now discovered 
from Nipania. 


Genus Dictyostelopteris gen. nov. 


Diagnosis — Stems of fossil ferns, vas- 
cular system a dictyostele. 

The form genus Dictyostelopteris is insti- 
tuted to include all such fragmentary stems 
showing dictyostely as provide us with poor 
information about their structure and affi- 
nities. 


Dictyostelopteris rajmahalense sp. nov. 
Pl. 4, Fig. 29; Text-figs. 47, 48 


The specimen, about 5 mm. long, oval and 
flattened laterally, a fragment of an axis is 
represented by three serial microscopic 
sections the two complete ones are shown 
ine Pl 4, Fig. 29; Text-figs. 47, 48. 

The ground tissue consists of thick-walled 
polygonal cells with the outer layers of the 
cortex crushed. 

The stele is dictyostelic and consists of two 
to three meristeles. Each meristele is con- 
vex towards the cortex and concave towards 
the pith. The margins of the steles are 
turned inwards. Each meristele is l-3 cells 
thick at the middle and tapers gradually to- 
wards both the ends. Metaxylem elements 
are large and hexagonal. Parenchyma 


TEXT-FIGS. 47, 48 — Dictyostelopteris vajmahal- 


ense Sp. nov. Two serial cross-sections of a stem 
tre leattrace ५८ Caml: 


present. Protoxylem 
l0-2 in each meristele. 

A partly preserved leaf-trace probably in 
the stage of formation is seen in one of the 
sections only ( TEXT-FIG. 48). The tissue 
in this region is crushed and has disappeared. 
Owing to this the exact nature and the 
origin of the leaf-trace could not be studied. 

Comparison —In the nature of ground 
tissue, size and shape the specimen differs 
from Dictyostelopteris sp. and from Tin- 
paharia sinuosa. From T. sinuosa it also 
differs in the absence of sclerenchymatous 
sheaths enclosing the meristeles. 


exarch, in groups, 


Dictyostelopteris Jacobi sp. nov. 


Pl. 5, Figs. 30, 32; Text-figs. 49-54 


The fragmentary specimen, about 7x2 
mm. in three serial sections is very much 
flattened dorsiventrally perhaps due to pre- 
servation. 

Three petioles ( p;,, fs, Pa), one complete 
and the rest fragmentary, surround the 
rhizome in a spiral manner ( TEXT-FIG. 49 ) 
Hairs or other appendages are not noted 
except on the petiole. Several root-traces 
in various stages of their departure are found 
in the cortex. Some obliquely cut tracheids 
are also seen in the cortex (/.tr.), probably 
they belonged to an outgoing leaf-trace. 
The structural details of most of the tissues 
are obliterated partly because of oblique 
sectioning and partly due to flattening. 

The cortex, the major part of which is 
crushed, appears to have been sclerotic. 
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Dictyostelopteris jacobi sp. nov. 


TETX-FIG. 49 — A cross-section of the type speci- 
men showing the stem surrounded by three petioles. 
o. end= outer endodermis, 7. tv. =root-traces. P,,P,,P, 
= petioles, ?/.tr.=leaf-trace. x 34. 


TEXT-FIG. 50 — A part of the meristele. x 95. 


The tissue in the outer and inner cortex 
consists of broader polygonal cells. 

The outer endodermis is well represented 
while the phloem and pericycle are crushed 
(PL. 5; Ftas030,%32 )! 


The rhizome is traversed by an advanced 
type of a dictyostele. The meristeles, 4-6 
tracheids thick at the thickest region ( TEXT- 
FIG. 50) are wavy in outline. Xylem 
parenchyma is present. Metaxylem is made 
up of scalariform pitting. The exarch proto- 
xylem (Pr. 5, Fic. 32) occurs in groups | 
Island of parenchyma not recognizable. 
The number of the protoxylem elements not 


5 


53 
TEXT-FIGS. 5{-54—5], Dictyostelopteris jacobi 
Sp. nov. Cross-section of a part of a petiole. With 


pad-like tissue on the adaxial side of the petiole. 
x 33. 52, a part of the meristele of above. 
mt=metaxylem, pxr=protoxylem. x 63. 53, hairs 
Le the petiole. 54, a cross-section of a root. 
x . 
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recognizable owing to the oblique cutting. 
The outer endodermis and the softer tissues 
are preserved here and there. 

On the adaxial side of the complete petiole 
there lies a brown black sclerenchymatous 
pad-like tissue (PL. 5, Fic. 2॥0 TEXT-FIGS. 
49, 5l). It is made up of polygonal cells 
which are elongated at the periphery. 
Multicellular hairs are seen arising from the 
abaxial side of the petiole ( TEXT-FIG. 53). 
The xylern in the petiole forms an undivided 
wavy C-shaped band with incurved margins 
and lies in a cavity surrounded all round by 
the sclerenchymatous tissue ( TEXT-FIG. 5l)). 
The xylem band is 2-4 cells thick ( TEXT- 
FIG. 52). 

Protoxylem groups are twenty in number. 
Each incurved margin encloses one proto- 
xylem group. The phloem and pericyle are 
only represented by an empty space sur- 
rounding the xylem band bounded by an 
undifferentiated layer probably the endo- 
dermis. 

The endodermis is surrounded by a thick 
sheath of sclerenchyma a column of which 
rises from between the free margins of the 
xylem band and extends into, and occupies 
the space enclosed by, the xylem band. It 
spreads in a semicircular form with its two 
lateral extensions following the course of the 
xylem band right up to its marginal cur- 
vature ( TEXT-FIG. 5l). The other two 
petiole are only represented by the fragments 
of the sclerenchymatous sheath. 

Root traces are found to originate from the 
protoxylem groups which get constricted off 
from the xylem band ( Pr. 5, Fıc. 32). The 
metaxylem in the outgoing root-traces con- 
sists of 3-5 elements and shows a diarch 
plate with two protoxylem groups ( TEXT- 
FIG. 54). Xylem in the root trace is sur- 
rounded by phloem, pericycle and endoder- 
mis with only endodermis well represented. 
Free roots are not preserved. 

Comparison — From Tinpaharia sinuosa, 
the only Jurassic fern with a dictyostele, the 
specimen differs in the absence of scleren- 
chymatous sheath enclosing the meristeles 
and in the absence of island of parenchyma 
in the protoxylem groups. 


Dictyostelopteris fasciosteleoides sp. nov. 


Pl. 5, Figs., 33-36; Text-figs. 55-6 


The specimen ( PL. 5, Fic. 33; TEXT-FIGS. 
55-57), about 8 mm. long in four serial cross- 


sections, ovoid in shape and devoid of any 
hairs, scales or roots, is described as a rhizome 
though the oblique orientation of the out- 
going trace, absence of roots or root-traces 
and the occurrence of a very closely asso- 
ciated fragment of a lamina indicate a possi- 
bility that the specimen might belong to a 
compound rachis. 

The ground tissue is sclerized. The cells 
in the middle region of cortex are larger as 
compared to the inner and outer layers. In 
some cortical cells some sort of reticulate 
tissue is seen ( TEXT-FIG. 58). At places 
the inner cortex extends as a short column 
into the central ground tissue of the rhizome 
and merges with it. 

The central ground tissue, intercepted by 
the convoluted and fluted meristeles, forms a 
stellate outline with very much prolonged 
arms ( PL. 5, Fic. 33; Text-Fics. 55-57 ). 

The stelar region, about 3 x 2 mm. in cross- 
section, consists of 3-4 meristeles each -2 
elements thick except at the free incurved 
ends where it is 3-4 elements thick ( TEXT- 
FIG. 60). Each meristele is very much 
fluted and occasionally overlapping itself. 
It is amphiphloic. Phloem (#ph.) is well 
preserved while the pericycle and the 


Dictyostelopteris fasciosteloides sp. nov. 


Text-Fics. 55-57 — Three serial cross-sections of 
the Type Specimen, with cortex and central ground 
tissue. X ca. 2 
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end 


6l 


Text-Fics. 58-6 — 58, 59, cross-section of the cortical tissue. Fig. 58 shows the reticulate Pitting in 


one of the cortical cells. 
x 250. 6i, cross-section of the outgoing leaf-trace. 


endodermis (end.) are only recognizable at 
certain regions. 

The free ends in some meristeles are fused 
together. The protoxylem is exarch and 
the groups of protoxylem are situated in the 
curvatures formed by the fluted meristeles. 
The protoxylem is made up of annular and 
spiral tracheids. The metaxylem consists 
of scalariform tracheids only. 

Traversing the cortex is seen an obliquely 
placed C-shaped very much fluted trace 
(Pr, 5; Fics 33 34 Text-rice (| Jaltihas 
not been possible to study its origin for want 


x 250. 60, a part of the meristele. end=endodermis, ph=phloem, x=xylem. 


x 534. 


of material. An isolated petiole trace with 
identical ground tissue possessing a sinuous 
C-shaped xylem band shown in PI. 5, Fig. 35 
also probably belonged to a similar rhizome. 

Lying very close to the stem is seen a 
section of a fragment of lamina ‘c’ and 
another °b’ also in close vicinity (Pr. 5 
FIGS 33, 36). 

A sorus ‘a’ described under Sorus Type 2 
is also seen lying in close proximity with the 
rhizome. 

Comparison — The specimen in possess- 
ing very much corrugated meristeles and 


à 
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obliquely placed leaf-trace compares with 
a Cretaceous fern Fasciostelopteris tansleii 
(Stopes & Fuji, 90). It differs from it 
in less number of the meristeles and slightly 
discontinuous leaf-trace. The origin of the 
leaf-trace and the nature of the pericycle 
cells are not known in the specimen so fur- 
ther comparisons with F. tansleii cannot be 
made. 

In wavy nature of the steles, the petiole 
trace, and in the absence of sclerenchymatous 
sheath enclosing each meristele and in the 
absence of medullary and cortical bundles, 
the specimen shows dicksoniaceous charac- 
ters. 

It is not possible at present to say whether 
the fragment of lamina lying in close asso- 
ciation with the rhizome belonged to it or 
not but the sorus in its vicinity certainly 
had no relation to the rhizome. The sorus 
has been shown to be schizaeaceous in affi- 
nities while the specimen seems to possess 
dicksoniaceous characters. 


DISCUSSION 


The filicinean plant remains described 
above, consisting of isolated fronds, petioles, 
rachises, laminae, sori, sporangia, rhizomes 
and spores, however, fragmentary they are, 
show that the Jurassic vegetation of Nipania 
had several representatives of the ferns. 
These plant fossils add to our scanty 
knowledge of the anatomy of both the 
sterile and the fertile ferns, particularly 
that of the stems from the Jurassic 
horizon. 

Some of these fragmentary plant remains 
possess some such typical characters as to 
suggest their relationship with the modern 
ferns. Based on the affinities of these the 
representatives of the following families of 
the Filicales are recognized. 

Osmundaceae — It is represented by Clado- 
phlebis sahnii sp. nov. and a fragmentary 
rachis described as Petiole Type 5. 

The form genus Cladophlebis was retained 
by Harris ( 932, 9. 30) for sterile osmunda- 
ceous fossil leaves. To the species C. sahnit 
described here is also referred a fragmentary 
frond possessing what appear to be like the 
interstitial ridges on the pinnules. Since 
it is not possible to prove that these ridges 
represent the soral initials, the specimen is 
included in the species Cladophlebis sahnat. 
Should it be proved that the leaves with 


interstitial ridges are fertile, the specimen 
will have to be transferred to the genus 
Todites. 

The specimen in Petiole Type 5 is believed 
to belong to the Osmundaceae since it shows 
the same anatomical details as shown by the 
pinnules of Osmundites skidgatensis. The 
remains of spores and sporangia of the Os- 
mundaceae and rhizomes are not found in 
Nipania. 

Schizaeaceaceae — Of all the families of 
Filicales this family is represented by more 
convincing plant remains. The material 
includes two sori described under Sorus 
Type 2 and schizaeaceous spores described 
as ? Azonomonoletes Type | ( VISHNU-MITTRE, 
0000 pp 220 426 :2Pr |, शाह :2४)5 un 
these plant remains not only the nature of 
the sori bearing solitary sporangia on lamina 
is typically schizaeaceous but also the api- 
cally transverse annulus is typical of the 
schizaeaceous sporangia. Further schizaea- 
ceous affinities are enhanced by the exine 
pattern of the spores. 

The fragmentary stem described as Sole- 
nostelopteris nipanica sp. nov. in possessing 
solenostely, sclerotic pith and extremely 
small size recalls the general anatomical! 
characters of some schizaeaceous rhizomes 
such as those of Anemia mexicana, A. adianti- 
folia, A. coriacea, Schizaea digitata and S. 
dichotoma (GWYNNE-VAUGHAN, l90l, pp. 
386, 387; Fic. 38). But one cannot be 
certain about it till more material of S. 
nipanica is examined. 

Cyathaeaceae — Cyathaeaceous material 
includes spores described under the name 
Liratosporstes Type l ( VISHNU-MITTRE, 954, 
pp. 2 0 Pr. 4, 00 00 and 
two sporangia described under Sporangium 
Type 2. None of the stems described here 
show cyathaeaceous affınities. 

Gleicheniaceae — Sporangium Type 3 pos- 
sessing gleicheniaceous type of annulus 
might have belonged to the Gleicheniaceae. 
Some of the solenostelic stems also might 
belong to this family but nothing can be said 
at present with certainty. 

Deansteadtiaceae or Dicksoniaceae — Tin- 
paharia sinuosa Jacob has been shown to 
belong either to Deansteadtiaceae or Dick- 
soniaceae ( JACoB, 938, 950). Rhizomes 
and petioles of T. sinuosa also occur in 
Nipania as described above. 

About the affinities of the other filici- 
nean plant remains nothing can be said at 
present. 
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GENERAL OBSERVATIONS ON THE 
FOSSIL FLORA OF NIPANIA 

Comparison with Indian Fossil Floras — 
The Nipania fossil flora consists of an abun- 
dance of ferns, conifers and Pentoxyleae. 
Nilssoniales are completely absent and Ben- 
nettitales are very poorly represented. 

The prevailing plant forms in the chert are 
Nipanioruha, Nipaniostrobus, Carnoconites 
and Nipaniophyllum. The most character- 
istic plant fossils include Nipantophyllum, 
Nipanioruha and Carnoconites. The fossil 
flora of Nipania is typical in the absence of 
large-leaved Cycadophytes. 

In the abundance of ferns and conifers the 
fossil flora of Nipania differs from the fossil 
flora of the Rajmahal Hills which is character- 
ized by the abundance of cycadophytes, 
particularly the large-leaved ones and the 
ferns with a variety of the conifers ( FEIST- 
MANTEL, 6 a, 0 यह Wan, 5080, 
9. 97). Feistmantel based his conclusions 
on the study of eleven fossiliferous localities. 
Since then we have known several more 
localities and consequently our knowledge 
regarding the fossil flora of the Rajmahal 
Hills has greatly advanced. A comparative 
study of the floristic composition of all the 
localities in the Rajmahal Hills shows that 
some localities, viz. Amarjola, Chilgojori, 
Malipara, Kulkipara, Bindrabun ( Brinda- 
bun ) near Tinpahar, Sakrigali Ghat ( softer 
bed ), Kunjbana, etc., have not yielded any 
large-leaved cycadophytes but in the abun- 
dance of other cycadophytes, ferns and a 
negligible presence of conifers, the fossil 
flora of these localities resembles the typical 
flora of the Rajmahal Hills. 

Besides Nipania there are some more 
cherty localities known in the Rajmahal 
Hills, viz. Chilgojori, Tinpahar and Bindra- 
bun. Petrified plant remains have also been 
described from Amarjola. Individual com- 
parisons of Nipania flora made with the 
floras of these localities reveals that each 
locality had its own characteristic vegeta- 
tion which formed a distinct association of 
its own with some elements of the association 
common with those of the other localities. 
Pentoxylon, Bucklandia and Ptilophyllum are 
common in Amarjola and Nipania. Brachy- 
phyllum, Ptilophyllum and Bucklandia are 
common in Nipania and Chilgojori. Tin- 
Paharia is common in Tinpahar and Nipania. 

Close to Nipania some leaf impressions are 
also found. Sahni & Rao (933) reported 
the impressions of Nilssonia fissa from this 


area. Recently I discovered from near 
Dumurchir close to Nipania the following | 
leaf impressions. | 

Thinnfeldia indica Fst., T. odontopteroides | 
Bgt., Dicksonia (Sphenopteris) bindrabu- | 
nensis Fst., Clathropteris sp., Cladophlebis | 
denticulata Bgt., Ptilophyllum cutchense Mor- | 
ris, Taeniopteris spatulata McCl., Brachy- | 
phyllum mammillare Bgt., Pagiophyllum sp. | 
cf. P. divaricatum, P. sp. cf. P. peregrinum, | 
Elatocladus conferta, E. jabalpurensis, E. | 
sp. cf. Retinosporites indica Holden. 

In the absence of the large-leaved cycado- | 
phytes and in the abundance of conifers and | 
ferns and few remains of cycadophytes this | 
assemblage of leaf impressions resembles the 
fossil flora of Nipania though in most of its 
species it resembles the impressions known 
from the other localities in the Rajmahal 
Hills. 

Floristic comparisons made with the other 
stages in the Rajmahal series show that in 
the abundance of ferns and conifers the 
Nipania fossil flora compares with the Floras | 
of Jabalpur and Kota stages ( WADIA, 953, | 
pp. 97, 98). In the absence of the large- 
leaved cycadophyta, the fossil flora of Nipa- | 
nia further compares with that of the Jabal- 
pur group ( FEISTMANTEL, !877b, 9. 00 ). 

Comparison with Fossil Floras outside 
India — The cherts abounding in Jurassic 
plant remains from outside India are not | 
many. Petrified Jurassic conifers are rare 
( Harris, 953), so also the Jurassic ferns | 
( KIDSTON & GWYNNE-VAUGHAN, 907; SIN- 
NOTT, Î9i4; SEWARD, {907, 9ll; OcuRA,H 
927 ) and these are very different from the | 
ferns and conifers described from the Nipania | 
chert. Practically nothing is known about 
the Pentoxyleae from the Jurassic deposits | 
outside India. 

The following silicified plant remains 
known from the Cretaceous rocks of Japan | 
(Stopes & Fuji, 90) show common | 
characters with the Nipania fossils: Schizaeop- | 
teris mesozoica, Solenostelopteris loxosomoides ! 
Fasciostelopteris japanica, Niponophyllum | 
cordaitiforme, etc. | 

Age of the Nipania Deposits — The dif- | 
ference of the Nipania fossil flora in its 
general composition and in certain typical | 
forms from the fossil flora of the Rajmahal | 
Hills and its resemblance in this respect | 
with the fossil flora of the Jabalpur and the | 
Kota Stages shows that the Nipania deposits 
might belong to the uppermost strata in the 
Rajmahal Stage. 
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EXPLANATION OF PLATES 


PLATE Î 


i. Lycoxylon indicum Srivastava. A cross-sec- 
tion of an axis from slightly above the nodal region 
showing dichotomy. x 65. 

2. L. indicum Srivastava. A cross-section of an 
axis showing the stellate type of the steie. x 350. 

3. L. Type 2: Cross-section of a part of the 
inner cortex in an axis. x ५७५ 


4. Cladophlebis sahnii sp. nov. A fragment of a 


pinna. x 0. 
5. A pinnule showing the interstitial ridges. 
x 60. 


6. Petiole Type . A cross-section. x 90. 

7. The stelar region of above shown enlarged. 
x 280. 

8. Petiole Type 5. Cross-section of a fragment 
of a lamina showing two lateral veins. x 90. 

9. One of the lateral veins from above shown 
enlarged. x 350. 


PLATE 2 


0. Sorus Type . The specimen Jnd=Indusium, 
v=receptacle. x ॥00. 

i. Sorus Type 2. A part of the sporophyll 
showing the sporangia. x 70. 

2. A sporangium from above enlarged showing 
the apical annulus ( ann.) apical plate (ap. pl.) and 
the spores ( sp.). 

i3. Sorus Type 3. The specimen. x 70. 

i4. A part of the wall of sporangium from above. 
x 250. 

45. Sporangium Type 2. x 39. 

6. Liralosporites Type of spores from above. 
x 280. 


PLATE 3 


7. Sporangium Type . Vertical annuli of two 
sporangia lying over one another with in situ 
smooth-walled trile, tetrahedral spores. x 280. 

8. Sporangium Type 3. A sporangium prob- 
ably showing the apical annulus and the straight- 
walled cells of the wall. x 280. 

9, 20. Solenostelopteris nipanica sp. nov. 
typezspecimen ss ie}, Se Si). 
P.tv.= petiole trace. 


The 
R.iv.=root trace. 
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Idem (955). Osmundites sahnii sp. nov. A new) 
species of petrified rhizomes from India. 
4: 3-8. 

Idem (957). 
Nipania (Rajmahal series), India—Coniferales. 
The Palaeobotanist. 6(2): 82-i2 

Wapia, D. N.(953). Geology of India. 


2l. A part of above showing the sclerized pith 


(P), outer and inner layers of Cortex (O.L. & I.L.). 


x Wi: 

22. Solenostelopteris sahnii sp. nov. 
section of the rhizome showing the leaf-trace ( Z.tr.). 
x 20. 

23. Cross-section of a part of stem showing ground 
tissue, the Solenostele. O.T.=outer layer, M= 
middle layer, J.N.=inner layer, R.tr.=root trace. 
>% 350. 


PLATE 4 


24, 25. Solenostelopteris sahnii sp. nov. Cross- 


section of a part of cortex showing the outer (O.T.) | 


and middle layers (M). x 58, x 250. 

26. Cross-section of a part of stem showing 
islands of tissue (in) in the cortex. x 85. 

27. Cross-section of a part of the meristele show- 
ing metaxylem (Mx) protoxylem (pr.) and xylem 
parenchyma (x.par). 

28. Cross-section of a part of the meristele with 
a recently detached root trace x 40. 

29. Solenostelopteris vajmahalense sp. 
cross-section of the specimen. 
eRe 


nov. A 


PLATE 5 


30. Dictyostelopteris jacobi sp. nov. A cross- 


section of the stem showing cortex, Stelar region 


and the root traces (R.tr.). x 25. 


3i. Cross-section of a petiole trace. x 8. 


32. Cross-section of a part of the stem showing | 


the origin of the root traces ( R.tr.). px¥.= protoxy- 
lem. end. endodermis. x 40. 


33. Dictyostelopteris fasciosteloides sp. nov. A 


cross-section of the Type specimen. 
a sorus described in Sorus Type 2. 
ments of lamina. 


aS? 


C= 


34. Obliquely orientated leaf-trace in the cortical | 


region of the specimen. x 75. 
35. Cross-section of an isolated petiole. 


38 75e 


A cross- # 


Ibid. | 


Studies on the Fossil Flora of i 


London. | I) 


L.iv.=leaf trace: | 


b and c=frag- | 


x 7503)] 
36. Cross-section of a part of the specimen | 
enlarged to show the closely lying leaf fragment. | 
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ON POROSTROBUS ZEILLERI NATHORST AND ITS SPORES 
WITH REMARKS ON THE SYSTEMATIC POSITION OF 
ES BENNAOLDI BODE AND THE PHYLOGENY OF 
DENSOSPORITES BERRY* 


D. ५. BHARADWAJt 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


This paper contains results of a reinvestigation 

of Porostrobus zeilleri Nathorst., a fructification 
from the Lower Carboniferous of Spitzbergen and, 
based thereupon, remarks on the systematic posi- 
tion of P. bennholdi Bode and the phylogeny of 
Densosporites Berry. 
_ The cone studied represents the lower portion 
including a part of the stalk. The cone shows 
rhomboid sporangia arranged spirally, sporangial 
wall very thin so that spore masses appear naked, 
sporophylls not visible but fine delicate hairs, ap- 
parently sporophyllends, seen on the matrix along 
one of the sides of the cone. Megasporate and micro- 
sporate sporangia occur intermixed. Megaspores are 
sack-like, bottom heavy and gulate or vestibuled with 
verrucose ornamentation of the exine. Microspores 
are cingulate, roundly triangular with spinose orna- 
mentation. Inner body has 3 inter-ray papillae. 

Porostrobus shows lepidodendroid as well as sigil- 
larioid characters. 

Porostrobus bennholdi Bode is shown not to be a 
Porostrobus at all. It is provisionally referred to 
Lepidocarpon. 

The microspores of Porostrobus agree morpho- 
graphically as well as stratigraphically to the geno- 
type of the dispersed spore genus Densosporites 
Berry. In view of the fact that Densosporiles also 
occurs in strata where Porostrobus has never been 
found, it is postulated that presently circumscribed 
Densosporites contains spores of cone genera other 
than Porostrobus as well. 

PS. Porostrobus is considered distinct from Sela- 
ginellites and S. canonbiensis Chaloner is advised 
inclusion in Bothrostrobus ( Nath.) Sew. 


INTRODUCTION 


HILE searching through literature to 
gather information regarding in situ 


spores from fructifications, I came 
across the description and illustrations of 
Porostrobus zeilleri Nathorst, by Nathorst 
( 94, p. 70, Pr. 5, Fics. ॥270 )/ The des- 
cription of Porostrobus, of which P. zeilleri 
is the type, is in itself very interesting as it 
shows significant deviation from the well- 
known fructification genus Lepidostrobus, 
but the spores, though badly reproduced and 


still scantily described, appeared of greater 
interest and value. From the figures of 
microspores ( NATHORST, loc. cit. Fics. 5, 
6) I suspected that they correspond to 
Densosporites Berry, a genus of dispersed 
spores which is of stratigraphical value 
( BHARDWAJ, !955 ) yet whose parentage has 
so far been shrouded in mystery. The illus- 
tration of megaspores by Nathorst ( Ics. 
3, [4) do not convey any information 
regarding their shape, organization or sculp- 
ture and in their description also besides the 
size nothing has been said. Thus realizing 
the need for a reinvestigation of this fructi- 
fication I requested Prof. O. H. Selling, 
Director, Botany Dept., Riksmuseum, Stock- 
holm, to loan me the type specimen of P. 
zeilleri for study and he so very kindly sent 
the same for which I am thankful to him. 


MATERIAL 


The fructification which formed the basis 
of present investigation was described and 
figured by Nathorst (894, 9. 42, Pr. 2, 
Fic. 8) as Lepidostrobus zeillerin. sp. Subse- 
quently, Nathorst ( 94 ) created a new genus 
Porostrobus to include this fructification and 
thus renamed it as Porostrobus zeillerr. 

The specimens studied consist of (l) a 
compressed piece of fructification separated 
from the matrix and (2) the matrix bearing 
the imprint of one of the faces of the com- 
pressed fructification. 

The material was collected by Nathorst in 
882 out of a carbonaceous shale mixed with 
coal, from Pyramidenberg in Spitzbergen. 
This bed occurs in the lower reaches of the 
hill (NATHORST, 9i4, Fics. 2, 3) uncon- 
formably overlying the Devonian strata and 
overlaid by the Kulm (Lower Carboni- 
ferous ) sandstone which too is rich in plant 
remains. 


*Paper read at the l0th Scientific Meeting of the Palaeobotanical Society on 22 January 958. 


Same as D. C. Bhardwaj. 
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METHOD 


The gross morphological features of the 
fructification, compression as well as impres- 
sion were studied dry, under reflected light. 
The mega- and microspores were examined 
after macerating small pieces of the fructi- 
fication containing two or more mega- or 
microsporate sporangia. The sporangia are 
very small and so it was not possible to 
isolate a single sporangium without the risk 
of damaging the type specimen. Macera- 
tion was done by keeping the pieces in 
fuming HNO, for 36 hours followed by a 
treatment of the acid-free material with 5 
per cent KOH solution for 24 hours. In 
this particular case the procedure ‚described 
above gave excellent results. Slides were 
prepared in glycerine-jelly and sealed with 
Gold-seal. Megaspores were recovered by 
sieving (0-l Müllergaze). Some were dried 
on a filter paper and kept in cardboard 
cavity slides and others were stored in 50 
per cent glycerine for study with transmit- 
ted light. 


DESCRIPTION 
Porostrobus zeilleri Nathorst 94 


Syn. Lepidostrobus zeilleri Nath. 894 


Cone — The piece of cone separated from 
its matrix is l3 mm. long and ca. 6 mm. 
broad. Being broken at both ends it evi- 
dently does not represent the whole cone 
(Pr. |, Fic. । ). The basal portion of the 
cone, about 3 mm. in length, is still attached 
to the matrix (PL. le hic. 2: Texter D): 
The cone base is broadly rounded and is 
attached to a slender stalk, ca. l mm. broad 
and 5 mm. long. Apparently the stalk is 
devoid of any distinguishable structures 
GRr ales HIG. 23 TEXT BiG mip): 

A cursory examination of the cone or its 
impression suggests that it consists of suc- 
cessive rows of cushions directed obliquely 
from a median region upwards along its 
length Pus i, Fies. | 2). Put actually 
each of these cushions consists of a row of 
small rhomboid units arranged obliquely 
upon the cone axis suggesting their spiral 
arrangement (PL. l, Fic. 3). Each of these 
rhomboid units are sporangia, containing 
either mega- or microspores ( PL. l, Fic. 5 ). 
There does not appear to have been any sub- 
stantial sporangial membrane covering the 
spores as the latter can be seen as distinctly 


TEXT-FIG. | — Impression of P. zeilleri showing 


stalk, base, rhomboid sporangia and the acicular 


sporophyll ends. x 6 


in surface examination as if they were naked | 


(Pr. , Fics. 6, 7; mega-, micro-). The 


sporangia containing megaspores are evident ! 
by virtue of their unmistakable contents | 
but such others as show a matted or granu- | 


lated surface are the sporangia containing 
microspores. 

In the isolated cone part, there is no indi- 
cation if the sporangia were borne on sporo- 
phylls. However, in the maceration the frag- 


mentary cuticular remains, presumably of 


the sporophylls, could be identified. In the 
cone-impression (Pr. i, Fic. 3; TEXT-FIG. I 34 
along one of the margins, there is a sugges- 
tion of the occurrence of small, narrow, bifid, 
acicular structures arising from, and turning 
away upwards from, the cone which could 
as well have been the sporophyllends. In 
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view of the impressions of these being faint 
and these too clearly seen mostly on one 
Side | Fic. 3, left) of the cone, it 
appears that these were delicate and could 
easily escape being preserved as encrustation 
or even imprinted on the matrix. 

The mega- or microsporate sporangia are 
not strictly regionally segregated. In the 
basal region of the cone occur the micro- 
sporate sporangia followed by a belt of mega- 
sporate sporangia which in turn is again 
succeeded by a region of microsporate spo- 
rangia. But none of these regions are purely 
mega- or microsporate because in between 
the sporangia of one kind the other kind also 
Beeur ( Pr. i, Fics..5-7; Text-rics. 2, 3) 
frequently. 

Spores — The isolated cone compression 
was very convenient to provide material for 
maceration that could be considered + free 
from contamination. The parts selected for 
maceration were carefully examined under a 
lens to avoid any piece of the matrix sticking 
to them. As the mega- or microsporate 
sporangia are hardly more than | mm. in 


TEXT-FIG. 2 — Compression of P. zeilleri showing 
predominantly mega- or microsporate zones, x 5% 
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SPORE SIZE IN MICRONS 


TEXT-FIG. 3 — Histogram depicting the range of 
variation in the size of the microspores of P. zeilleri. 


size, small pieces containing 2-4 sporangia 
were carefully removed and macerated. The 
macerates yielded mega- as well as micro- 
spores, both being only of one type each. 

Megaspores — Each megasporate sporan- 
gium contains some megaspore tetrads. 
The isolated megaspores are usually to be 
seen lying in meridional plane ( PL. 2, Fics. 
48-22) but occasionally some are seen in 
equatorial plane also. The specimens in 
meridional view are pitcher-like in shape 
with a roundly conical bottom, widest middle 
region and sharply convergent apical part 
leading to a protruding neck or gula. 
The specimens in equatorial view show a 
roundly triangular or subcircular equator 
and subequatorial, thick, arcuate ridges 
enclosing the Y-mark whose rays are pro- 
gressively elevated towards the vertex 
( proximal pole ). 

The exoexine is densely ornamented by 
verrucae. These are usually coalesced with 
their adjacent ones, forming short, usually 
curved ridges. In between the ridges the 
exine is finely granulose ( PL. 2, Fic. 23) 
and occasionally, isolated verrucae are found 
as if filling the gaps.’ The verrucae occur all 
over but those in the area contagionis are 
smaller (Pr. 2, Fic. 23), +5 u in width 
as compared to those elsewhere which are 
+0 u in width. The verrucae have a 
broad base and bluntly conical or rounded 
apex, 
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The size of wet megaspores (mounted in 
glycerine-jelly) in meridional plane ranges 
from 350 x 300 u to 480 x 400 y, and in equa- 
torial plane 360x320 u. Dry megaspores 
are smaller and measure up to 400 x 360 u, 
in meridional plane gula protrudes 50-70 u 
high above the rays. Ray length is +70 u 
and the median depth of each lobe of area 
contagionis is + 200 x in wet specimens. 

Microspores — Normally macerated mi- 
crospores are triangular in polar view ( PL. 2, 
Fiss. 8-2 ), but sphaeropyramidal or dumb- 
bell shaped in lateral view. The angle in the 
triangular forms are normally bluntly coni- 
cal. The central body, which is much more 
hyaline than the dark brown cingulum sur- 
rounding it, is also roundly triangular in 
shape. 

The proximal exoexine is granulose orna- 
mented ( Pr. 2, Fics. ॥0 ॥ 02) but the distal 
exoexine is spinose ornamented (PL. 2, 
Fics. 9, 0). The spines are sparsely and 
not so regularly distributed. They are fewer 
and hyaline on the central body but copious 
and dark coloured on the cingulum. Closely 
surrounding the central body, in the cingulum, 
rows of spines are radially arranged forming 
the thickest and most dense region of the 
cingulum. Beyond this, up to the equator, 
the cingulum is less dense but not forming a 
thin flange. The extrema lineamenta is finely 
granular. Y-mark is usually distinct on the 
central body if viewed from proximal side. 
The extensions of the rays over the cingulum 
are very often discernible as thick ridges 
reaching the equator of the angles ( PL. 2, 
Fic. ॥॥ 0): 

The overall size of the microspores ranges 
from 84 to 63 u. with 76 u as mean (TEXT- 
FIG. 3). The size of the central body ranges 
from 37 to 26 u with 3l uw as mean. The 
cingulum is usually + ? of the radius of the 
microspores. 

Overmacerated Microspores -— In one of the 
macerations the material was allowed to get 
overmacerated by longer treatment with 
KOH solution. The overmacerated micro- 
spores looked so different from the normal 
ones that at first sight one would easily 
suppose that they belong to a different 
species. However, one could easily find the 
whole range of variations from the normal 
in that macerate. 

Overmaceration results into significant 
changes in the morphography as well as the 
size of the microspores. These overmacerat- 
ed spores become more rounded, sometimes 


almost circular, losing their triangular out- 
line. The margin becomes more translucent 
and thin, frequently irregularly upturned. 
The spines on the distal face become thinner 
and sparser or even completely obliterated 
( Pr. 2, Fics. 3, 4). The ring of radially 


thickened rods around the central body lose | 
all their individuality and this zone becomes © 
of lighter brown colour, gradually merging | 
with the vellowish, thin exine nearer the | 
' The granular sculp- | 
ture of the proximal face remains unaltered. 


margin of the spores. 


The size of the overmacerated microspores 


may increase to as much as double the nor- | 
The Y-mark becomes more easily ||| 
discernible as composed of thin, dark brown | 


mal ones. 


lines so that the normal height and thickness 


of its labra is considerably reduced. In I 


many cases the rays are distinct on the 
central body ( PL. 2, Fic. 3) and a papilla 
is seen in each of the inter-ray areas. The 
central body also increases in size and in so 
doing assumes more rounded than triangular 
or oval shape. In the centre of such extend- 
ed central bodies another subcircular or oval 
body is discernible ( Pr. 2, Fics. 3, 4). 
This is the inner body which does not ex- 
pand with the rest of the spore exine and 
thus is left in the centre. A number of these 
inner bodies which got free from the spores 
have also been found lying in the same mace- 
rate (Pr. 2, Fies. Î5, i6)= These lam 
roundly triangular, bear hair-thin rays ex- 


tending up to the equator and in each of 
the three inter-ray areas a papilla (circular | 


darker spot ) is apparent. In a few cases 
(Pr. 2, Fic. 7) the inner body has been 
found within a thin body-wall. 


DISCUSSION 


Porostrobus zeilleri appears to have been a | 
slender cone with spirally arranged sporo- 
The sporo- | 


phylls bearing the sporangia. 
phylls apparently ended in slender, delicate, 
acicular, hair-like structures. 
were rhomboidal in cross-section, massive as 


compared to the sporophylls and occupying | 


all the space between adjacent sporangia 
( TEXT-FIG. | ). 


The recognition of the basal part of the | 


cone with its attached stalk suggests that the 
material studied represents the lower part of 
the cone which is 6 mm. in length and 6 mm. 
in width. The cone had, evidently, already 
attained maturity in view of the mature 
spores contained in the sporangia. 


The sporangia | 
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The cone is heterosporous, the sporangia 
containing either microspores or megaspores. 
The microsporate or megasporate sporangia 
are, in general, diffused, i.e. occurring inter- 
mixed together, yet the richness of one sort 
or the other in some regions, leads to the 
recognition of three zones in the portion of 
the cone studied. The part of the cone, 
closest to the base, contains mostly micro- 
sporate sporangia followed by a zone contain- 
ing mostly megasporate sporangia which in 
turn is again followed by a region richer in 
microsporate sporangia. It is not definitely 
known if this alternation of micro- and mega- 
sporate sporangial zones was continued in the 
remaining, missing upper part of the cone. 

As compared to the other heterosporous 
lycopsid cones, Porostrobus is distinct from 
all others in one or more respects. Lepido- 
strobus and Lepidocarpon differ from Poro- 
strobus mainly in the intermixed occurrence 
of micro- and megasporate sporangia in the 
latter as compared to the isolation of mega- 
sporate sporangia in the basal region and 
microsporate sporangia in the apical region 
in the former two genera. However, even 
in this respect the apparently alternate 
zonation mitigates the difference to some 
extent suggesting as if this particular distri- 
bution of micro- and the megasporate spo- 
rangia in Porostrobus was a prelude or other- 
wise parallel to the condition met with 
in Lepidostrobus and Lepidocarpon. Poro- 
strobus is bisexual but Mazocarpon and Sigil- 
lariostrobus are unisexual. Between these 
cone genera Lepidostrobus appears to be 
nearer to Porostrobus as is borne by the 
testimony of the morphography of the mega- 
spores. The megaspores of Porostrobus are 
gulate as are the megaspores of Lepidostrobus 
( CHALONER, 953). These, however, do not 
conform in sculpture. The megaspores of 
Lepidocarpon are not gulate as in Porostrobus 
and are much bigger in size and differ in 
sculpture of the exoexine. The megaspores 
of Mazocarpon or Sigillariostrobus ( SCHOPF, 
94; CHALONER, 953b ) are saucer shaped, 
without gula, and laevigate or tuberculate 
quite unlike Porostrobus. The microspores 
of Porostrobus though strikingly different in 
external morphography approach those of 
Mazocarpon ( SCHOPF, 94) and Lepidostro- 
bus zea Chaloner (953a) more than those of 
any other lycopsid cone genus especially due 
to the presence of three inter-ray papillae. 

It is apparent that Porostrobus shows a 
mixture of lepidodendroid and sigillarioid 


features yet is distinct from Lepidostrobus, 
Lepidocarpon, Sigillariostrobus and Mazo- 
carpon. It, apparently, differs from the 
sigillarioid cone genera in more respects than 
with the lepidodendroid ones, although in 
the lepidodendroid cones the inner body of 
the microspores does not possess the three 
inter-ray papillae, the like of which are found 
in the microspores of Porostrobus, Mazo- 
carpon and Lepidostrobus zea (now trans- 
ferred by CHALONER* to Polysporia ). 

The diagnosis of Porostrobus Nath. is 
emended thus: 

Porostrobus Nathorst 9l4 emend. 

Genotype — Porostrobus zeilleri Nath. 

Diagnosis — Pedunculate, compact hetero- 
sporous cone with sporangia spirally ar- 
ranged round the axis; sporophylls not to be 
seen but for their hair-like free ends; mega- 
sporate and microsporate sporangia occurring 
in alternating zones with the admixture of 
one type into the zone of the other, basal 
zone consisting of microsporate sporangia. 
Megasporate sporangia containing a number 
of tetrads, megaspores gulate, sac-like with 
the exoexine verrucose; microspores cingu- 
late with broad uniformly thick, ornamented 
cingulum, inner body having 3 inter-ray 
papillae. 


Systematic Position of Porostrobus 
bennholdi Bode 

In 929 Bode described a fructification 
from the Lower Carboniferous brown coals 
of Moscow as Porostrobus bennholdin.sp. He 
diagnosed his species as follows: 

“Grösse wechselnd, 40-22 mm. breit und 
2.T. mehr als 60 mm. lang. Im innern des 
Zapfens auf den Sporophyllen nur Mikro- 
sporangien, wahrscheinlich in gröserer Zahl, 
je vier Mikrosporen enthaltend , am Ende jedes 
Sporophylls je ein Makrosporangium, wahr- 
scheinlich je vier Makrosporen enthaltend. Die 
Sporen werden frei durch zerfall der Sporan- 
giumwand. Grösse der Makrosporen im Mit- 
tel 3-3-5 mm. die der Mikrosporen 0-8-l-0 mm. 
Beide Sporenarten völlig glatt, jedoch mit 
deutlicher Tetradenzeichnung, nach der ste 
meistens aufgeplatzt sind. Durch die Art und 
die Grösse der Sporen und durch die Grösse des 
Zapfens selbst von Porostrobus zeilleri unter- 
schieden, sonst in der Organization weitgehend 
mit ihm übereinstimmend.” 

(Translated by the present author) Size 
variable, 0-22 mm. broad and in parts more 


*Personal communication by Dr. Chaloner dated 
5 February 958. 
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than 60 mm. long. In the interior of the 
fructification microsporangia on the sporo- 
phylls, probably in larger number, each con- 
taining four microspores; at the end of each 
sporophyll a macrosporangium, probably 
each containing four macrospores. The 
spores liberated through disintegration of 
the sporangial wall. Average size of the 
macrospores 3-3:5 mm., of the microspores 
0:8X:0 mm. Both kinds of spores fully 
smooth, however, with distinct tetrad- 
mark along which they are mostly burst 
open. Through the type and the size of the 
spores and through the size of the cone itself 
distinct from Porostrobus zerlleri, otherwise 
mostly agreeing with it in organization.” 
As compared to the details of Porostrobus 
zeilleri now known, the cone described by 
Bode (loc. cit.) as P. bennholdi differs in 
some fundamental aspects. P. zeilleri is 
bisexual but P. bennholdi is unisexual in so 
far as can be gathered from the description 
by Bode (loc. cit.) because what have been 
interpreted by Bode as microspores are really 
the immature megaspores ( BODE, loc. cit., 
Pr. 2l, Fic. 20) both in organization and size. 
The figure given by Bode is absolutely clear 
to convince any worker on Carboniferous 
megaspores that these so-called microspores 
are in reality those immature megaspores, at 
whose cost one megaspore out of each tetrad 
develops fully. So, as a matter of fact that 
part of the cone which Bode investigat- 
ed appears to have contained only mega- 
sporate sporangia. It is not known if any 
microsporate sporangia occurred on that cone 
in any other or the missing part. There 
is no evidence to suggest that the micro- 
and the megasporate sporangia occur diffused 
or inter-mixed in P. bennholdi — a feature 
which characterizes Porostrobus. Besides 
this the size and the sculpture of the mega- 
spores in P. bennholdi is different from those 
of P. zeilleri. The megaspores of P. benn- 
holdi are smooth, lack the characteristic 
gula and are nearly six times as big as those 
of P. zeilleri. Such big-sized megaspores as 
those of P. bennholdi are known only from 
Lepidocarpon ( BOCHENSKI, 936; CHALONER, 
952 ) and are designated as seed-megaspores. 
The likeness of the megaspores of P. benn- 
holdi to those of Lepidocarpon has already 
been accepted by Dijkstra ( 946) who has 
referred such dispersed forms as a species of 
Cystosporites Schopf., C. bennholdi ( according 
to POTONIÉ & KREMP, 956, 9. 50, the dis- 
persed megaspores of P. bennholdi-type 


should not be named as C. bennholdi but be 
given a new specific name under Cysto- 
sporites). It is thus apparent that the cone > 
described by Bode cannot be assigned to) 
Porostrobus. At the same time in view of the 
features of its megaspores it may be assign- | 
ed provisionally to Lepidocarpon as Lepido- 
carpon bennholdi ( Bode ) emend., till further | 
investigations may confirm this emendment 
or otherwise. | 


Lepidocarpon bennholdi (Bode) emend. 
Syn. Porostrobus bennholdi Bode 929 


Emended Diagnosis — Grösse wechselnd, 
0-22 mm. breit und z.T. mehr als 60 mm. 
lang. Auf den Sporophyllen nur Makro- | 
sporangien. Die Sporen werden frei durch | 
zerfall der Sporangiumwand. Makrosporen | 
mit Polachse länger als der Aquatorialachse, 
Grösse der Makrospore im Mittel 3-3-5 mm., 
die der jugend oder Abortive Makrosporen 
0-8-]-0 mm. Beide sporenart völlig glatt, | 
jedoch mit deutlicher Tetradenzeichnung, 
nach der sie meistens aufgeplatzt sind. 


Phylogeny of Densosporites ( Berry ) 
Pot. & Kr. 


The microspores of Porostrobus if found as 
Sporae dispersae would unmistakably be 
referred to the spore-genus Densosporites 
Berry, by virtue of their characteristically 
broad cingulum and comparatively small 
body. Berry (937) created Densosporites | 
to include broadly cingulate miospores from 
Lower Carboniferous coals and Porostrobus 
zeilleri also belongs to Lower Carboniferous | 
age. It seems that morphologically as well | 
as stratigraphically the specimens referred | 
to the genotype of Densosporites, D. covensis 
Berry could have belonged to Porostrobus | 
rather than any other cone genus. However, | 
in recent years, spores referrable to Denso- | 
sporites have also been reported from many | 
horizons of Upper Carboniferous, thus ex- 
tending the continuous distribution of this 
genus from Lower Carboniferous to West- | 
phalian C and occasionally in Stephanian C | 
( BHARDWAJ & VENKATACHALA, 958). But 
Porostrobus has not been reported from all 
these horizons extending from Lower Carbo- 
niferous to Westphalian C and even Ste- 
phanian C, and hence the question auto- 
matically arises, where have these miospores, 
morphographically similar(?) to those of Po- 
rostrobus, come from ? In view of the fact, 
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that Porostrobus has not been collected 
or described from all the horizons where 
Densosporites has been reported to occur it 
ıs more probable that microspores of some 
other cone genus or genera are included in 
the genus Densosporites. 


POSTSCRIPT 


In a recent paper by Chaloner ( 958b ) an 
observation questioning the advisability of 
retaining Porostrobus as a distinct lycopodia- 
ceous cone genus other than Selaginellites 
has been made. From the reinvestigation 
of Porostrobus by me, hardly any doubt 
remains that Porostrobus is quite distinct in 
its organization as well as in the spore mor- 
phography from Lepidostrobus, Lepidocarpon, 
Sigillariostrobus and Mazocarpon. However, 
comparison is needed now with the other 
two detached heterosporous cone genera, 
Polysporia and Selaginellites. 

Recently Chaloner (958a) has merged 
his species Lepidostrobus zea into Polysporia 
mirabilis which has a distinct megasporate 
basal region and microsporate apical region 
as opposed to the roughly alternating, mixed 
mega- and microsporate zones in Porostrobus. 
In addition to this the mega- and microspore 
morphography in these two genera is also 
substantially different. Thus Porostrobus 
stands out distinct as compared to Poly- 
sporia in spite of the only similarity, i.e. 
the occurrence of 3 inter-ray papillae on 
the inner body of the microspores in both 
the genera. 

Selaginellites was instituted by Zeiller 
(906) to include S. suissei Zeiller, a shoot 
with Selaginella-like vegetative habit and a 
fertile heterosporous cone containing mega- 
spores of the type now included in the spore 
genus Triangulatisporites Pot. & Kr. and mi- 
crospores as of the spore genus Cirratriradites 
Wils. & Coe (ZEILLER, l906, CHALONER, 
954). Subsequently, Halle (907) de- 
scribed Selaginellites primaevus ( Goldenberg ) 
Halle containing megaspores of Triangulati- 
sporites-type and Hoskins & Abbott (956) 
have described a petrified, detached cone, 
Selaginellites crassicinctus, containing mega- 
spores referrable to Triangulatisporites and 
microspores to Cirratriradites as in S. suisser 
Zeiller, the type species of Selaginellites. 

In my opinion the taxonomic position 
ascribed by Halle ( loc. cit.) as well as Hoskins 
& Abbott (loc. cit.) to their cones is justi- 
fied in view of the agreement in the morpho- 


graphy of their spores with type of the genus 
even if in the latter case the vegetative nature 
of the parent plant is unknown and the fossil 
is a petrifaction unlike the type of the genus 
Selaginellites. Although, had S. crassicinctus 
been described early in the present century, 
it might have been placed in a separate 
genus because of its petrified nature as 
at that time spores were not held to be 
of much value for taxonomic purposes. As 
compared to these species of Selaginellites, 
e.g. S. suissei, S. primaevus or S. crassicinc- 
tus, Porostrobus zeilleri differs in having 
mixed zones of mega- and microsporate 
sporangia from the base upwards and also 
in the morphography of its mega- as well 
as microspores. 

In addition to the above-named species, 
Selaginellites also includes a few other species 
such as 5. elongatus (GOLDENBERG ) Halle, 
(907; SEwARD, l9i0), and S. canonbiensis 
Chaloner (958b) both of which possess 
spores of a morphographical type different 
from those of S. swissei, the type of the genus. 
As compared to S. suisse, the species 
S. elongatus has the megaspores referrable to 
the spore genus Bentzisporites Pot. & Kr., and 
lacks also a compact strobilus, the sporangia 
occurring in the axils of vegetative leaves. 
In S. canonbiensis the megaspores are refer- 
rable to the spore genus Setosisporites ( Ibr.) 
Pot. & Kr., and the microspores are like 
those of the spore genus Densosporites. In 
view of the veritable difference in the spore 
morphography of S. elongatus and S. canon- 
biensis as compared to the type species 
3. suissei, it is apparent that the inclusion of 
the former two species in Selaginellites is only 
that of convenience, based on superficial 
resemblance. In my opinion it would be 
preferable to place S. elongatus in Selginella, 
if not in a new genus, as has also been done 
by Darrah ( 938 ) for his Selaginella-like cone 
containing megaspores referrable to the 
spore genus Zonalesporites (Ibr.) Pot. & 
Kr., and Lundblad ( 950) for her Selaginel- 
la-like, heterosporous, detached cone. The 
living genus Selaginella with its over 600 
species and varied spore types is apparently a 
suprageneric grouping and can easily accom- 
modate all such fossil Selaginella-like remains 
which do not find a place in any known fossil 
cone genus. Likewise is the case of 5. canon- 
biensis if, however, it must be denied a place 
in Bothrostrobus. 

The name Bothro( dendro )strobus was sug- 
gested by Nathorst (894, 9. 43) for the fructi- 
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fication Lepidostrobus zeilleri Nath., which he 
assumed to be the cone of Bothrodendron 
( Ex-Lepidodendron ) tenerrimum (A. & T.) 
Nath. (894, 9. 45). Subsequently, how- 
ever, Nathorst (l944) made Lepidostrobus 
zeilleri as the type of Porostrobus. In 
the meantime Seward (9I0) included a 
petrified cone described by Watson ( 908 ) 
in Bothrostrobus. Watson (loc. cit.) attri- 
buted his cone as belonging to Bothrodendron 
mundum in view of the agreement in the 
anatomical characters of the stele of the 
cone-axis with that of the vegetative shoots 
and the constant association of the cone and 
the vegetative shoots in the bed. Seward 
( 90, 9. 263 ) had little doubt that the cone 
was borne by a species of Bothrodendron and 
that is why he described Watson’s cone under 
Bothrostrobus. Irrespective of the fact 
whether or not Watson’s cone was borne by 
a Bothrodendron, it does seem to have contain- 
ed megaspores closely comparable to the type 
found in S. canonbiensis. The megaspores 
in Watson’s cone as usually seen in meri- 
dional section (SEWARD, 90, Fic. 26 ) are 
characterized by a ring of long, branched 
hair in the equatorial region and a gulate 
projection on the proximal face. Chaloner 
(953, p. 287) considered these spores as 
rather similar to Setosisporites praetextus 
(Zerndt) Pot. & Kr. Potonie & Kremp 
( 956, p. 72) also consider the megaspores 
in Watson’s cone to be possessing the 
same organization as in Setosisporites. In a 
number of other megasporangia out of 
Williamson and Scott collections and in that 
of University College, Nottingham, investi- 
gated by Holden (932) and assigned to 
Bothrodendron mundum, the megaspores are 
more like the spore species Setosisporites 
hirsutus (Loose) Ibr. with the branched 
hair extending from the equator all over the 
distal face. The megaspores of S. canonbien- 
sis are unmistakably similar to Setosisporites 
hirsutus. The morphographical agreement 
of Setosisporites praetextus and S. hirsutus 


as two species of Setosisporites can hardly be 
doubted thus a more pertinent place for S. 
canonbiensis would be in Bothrostrobus rather | 
than in Selaginella irrespective of the fact | 
that the type of Bothrostrobus is a petrified | 
cone and S. canonbiensis a compression. 

Considering the comparison between Poro- | 
strobus zeilleri and S. canonbiensis one can see | 
that in their general morphology both are | 
heterosporous withspirallyarrangedsporangia | 
and both have the ends of the sporophyll | 
lamina free. However, in Porostrobus zeil- | 
leri the ends of sporophyll lamina are only 
hair-like but those in S. canonbiensis are much | 
more developed. In P. zeilleri there occurs 
a mixed, alternating zonation of mega- and | 
microsporate sporangia beginning with the | 
latter at the base, whereas in S. canonbiensis | 
a lower zone of megasporate sporangia de- | 
marcated from an upper zone of microsporate 
sporangia, has been recognized. Some dif- 
ference is also noticed in the morphography 
of the spores in the two cones. The mega- 
spores in P. zeilleri are gulate, Lagenicula- | 
type, usually lying in meridional view having 
verrucose ornamentation. In S. canonbien- 
sis the megaspores are gulate but with less 
pronounced gula, usually dorsiventrally flat- 
tened and having long-branched hair for 
ornamentation. In the microspores of Poro- 
strobus the cingulum is broad and thick all 
over and the inner body has 3 inter-ray 
papillae but in S. canobiensis the broad cin- 
gulum has an inner thick, crassitudinous, part 
followed by an outer thin flange and the 
inner body is without any evidence of the 
3 inter-ray papillae. If we were to take the 
disparity in the age of the two cones, Poro- 
strobus being a Lower Carboniferous fructi- 
fication and S. canonbiensis from the Upper 
Carboniferous, together with the morpho- | 
logical differences into account, the two are | 
distinctly members of two different cone 
genera although they might be phylogeneti- 
cally closer to each other as compared to 
other lycopsid cone genera. 
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EXPLANATION OF PLATES 


PLATE ॥ 

l. Genoholotype of Porostrobus zeilleri Nath. 
Compression. x ]. 

2. Genoholotype of Porostrobus zeilleri Nath. 
Impression. |. 

3. Impression of P. zeilleri enlarged. 

4. Original label by Nathorst. 

5. Compression of P. zeilleri enlarged. x 7. 

6, 7. Part of the compression of P. zeilleri further 
enlarged showing distribution of ( mega and micro ) 
sporangia. 
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PLATE 2 
8-l. Normally macerated 
zeillert. x 500. 


microspores of P. 


2. Slightly overmacerated microspore of P. 
zeilleri. x 500. 

3, 4. Overmacerated microspores of P. zeilleri. 
x 500. 

45, {6. Inner body of the microspores showing 
3 inter-ray papillae. x 500. 

47. Inner body enclosed in another outer mem- 
brane. x 500. 

i8. A dry megaspore. x 50. 

i9. Same megaspore as in Fig. 8. 

20, 2l. Two dry megaspores. x 50. 

22. A wet megaspore. X 50. 

23. Exine sculpture of one of the inter-ray area 
in a megaspore. x 200. 
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RESOLUTION OF THE ARTIFICIAL PALM GENUS, PALMOXYLON: 
A NEW APPROACH 


T. S. MAHABALE 


University of Poona, Poona, India 


IECES of fossil palms have been known 
P to palaeobotanists for quite a long 

time, the earliest of them dating as 
far back as 784, when Burtin ( l784 ) pro- 
bably for the first time described some 
pieces of fossil palm wood discovered acci- 
dentally in a village near Brugge and Gend in 
Belgium. This discovery was followed by 
aquisition of palm stems from different parts 
of the world by several workers such as De 


Beunie 00 ॥/७० ) Stenzel (850), Unger 
0 ॥00 7 69300 Ettingshausen 400 ७० । ), Heer 
(7855:);, Schenk (008 / कक । ५ 0) Delyaux 


(885 ), Staub (887), Knowlton ( 889 ), 
Crié ( 892 ), Rutot (0000) 7» ला 26 0 (०000 
Seward & Arber १ ७ /०20))// Lignier  (//०(0॥ ) 
and others. These palm stems occurring in 
different parts of the world dated from 
Cretaceous to Pliocene periods, the only 
authentic record of palms belonging to earlier 
period being that of palm-like plants from 
Dolores formation ( Triassic ) in South Wes- 
tern Colorado ( Brown, 956 ) and of a palm 
leaf described by Lignier ( 907) under the 
name Propalmophyllum liasinum from the 
Liassic of Normandie in France. Some of 
the early fossil material consisting of pieces 
of stem, root and few leaves was described 
by Unger (823-85]), Stenzel (850 ), 
Massalongo (854), Schimper  (872), 
Schenk (882) and others and a compre- 
hensive account of this varied material was 
given by Stenzel ( 904) in his later monu- 
mental work “ Fossile Palmenhölzer ” pub- 
lished in 904. This extraordinary piece of 
life’s work of this great German savant, 
based on a rich variety of specimens, is so 
replete with observations, that it is rightly 
said to have laid the foundations of studies 
on fossil palms. Judging from the mere 
vastness of materials drawn from all over the 
world and the lack of modern equipment 
at the disposal of Stenzel ( 4850, 904), one 
is simply struck by the tremendous industry 
of this untiring investigator of fossil palm 
stems, working for more than half a century. 
Naturally he developed a keen insight in 
palm anatomy. Many of his ideas regarding 
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the anatomical features in palms were quite | 
sound, which enabled him to formulate his | 
well-known system of classification of fossil | 
palms, but a few of them were undoubtedly 
such as could not have stood the scrutiny of 
later work, particularly those concerning the 
mechanism of increase in the girth of a palm 
tree trunk. With the publication of his work 
“ Fossile Palmenhilzer’’ in 904, the first 
phase in the history of studies on fossil palms 
may be considered to have come to an end. 
Simultaneously with him in the same cen- 
tury another equally distinguished German 
worker Hugo von Mohl ( 845 ) was working 
on the living palms and their anatomy, and 
in the light of his studies, he devised a ready- 
made classification of palms based mainly 
onthe external charactersofstem. Strangely 
enough, both these workers had realized the 
importance of ground tissue in the study of 
palm stems and had noticed it to be quite 
distinct in several species. But the main 
interest of von Mohl was concentrated in 
the secondary increase in the tree trunk of 
palms, which, according to him, was due to 
stretching of some undifferentiated cells 
lying in between various fibro-vascular 
bundles and in the axils of leaves, and not 
due to the presence of any definite tissue-like 
cambium, characteristic of dicotyledons and 
arborescent lilies like Dracaena or Cordyline. 
In the next phase of work on palms a large 
amount of fossil material consisting of fruits, 
seeds, leaves, etc., was brought to light in the 
Tertiary strata of various parts of the world 
such as the lignite beds and brown coal in 
Rhineland, fossil remains of stems and roots 
carbonized, silicified or calcified in the 
London Clay flora ( REID & CHANDLER in 
933), Tertiary beds of Paris Basin, strata 
around Brussels, in the Upper Piérre Creta- 
ceous of South Dakota, Cretaceous of North 
America, Denver formations of Eocene 
period in the United States, in Colorado and 
Washington beds, in Antigua in West Indies, 
in Italy and Sardinia, in Central Europe, in 
Libya in North Africa, in Egypt, India, Korea, 
Japan, etc. At the same time De Candolle 
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| 0839) 0 Mirbel | 002) ) 0 Martius ( 823- 
850), Griffith (850), Hooker (854, 
854-55), Drude (877, 889), Baillon 


(895), Bobisut (904) and others were 
actively busy with the morphology, floristic, 
taxonomy and geographical distribution of 
living palms, while Wendland ( 875 ), Cor- 
mack (896), Gillain (900), Drabble 
५ 00000? Schoute (2) Stevens ॥50॥ 2) 
with their anatomy. A more extensive series 
of works on living palms appeared later by 
Beccari ( 9-9]8 ), Gatin ( 9i2), Blatter 
( 926 ) Solereder & Meyer ( 928 ), Jenkins, 
Glaassen & Markley (949), Mahabale 
(954}), and others who worked on their 
morphology, ecology, economic uses or ana- 
tomy. The total number of workers working 
on different aspects of palms, their morpho- 
logy, systematics and economic uses has been 
more than 200, although only a few of them 
were attracted to the study of their anatomy 
either as representatives of monocotyledons 
or as an aid to our understanding of the rich 
fossil material of palms now known nearly 
from all over the world. Work of the above- 
mentioned anatomists, however, brought out 
two significant facts, namely, that the secon- 
dary growth in the arborescent trunks of 
palms is not due to cambial activity, but to 
an entirely different mode of increase in the 
dimensions of cells located in between the 
young fibro-vascular bundles and the dor- 
mant parenchyma located in the axils of 
leaves and in the lower part of a tree trunk 
from where the roots arise; and that the shape 
and distribution of vascular bundles, in 
dermal, subdermal and central zones of stem, 
their kinds, arrangement, grouping in dif- 
ferent organs in a palm tree, the nature of 
ground tissue and distribution of fibro- 
vascular bundles are highly characteristic in 
different palms. In this connection the work 
of Cormack ( 896 ) and Drabble ( 904) on 
anatomy of palm roots and that of Schoute 
(92 ) on the anatomy of stems, his applica- 
tion of statistical methods to the study of 
ground parenchyma and variation in it, 
and the general summary of work on palm 
anatomy by Solereder & Meyer ( 928) de- 
serve special mention. 

A third phase in the studies on fossil palm 
woods began when Chiarugi ( 929 ) found 
them in North Africa, Sahni ( l93l) and 
Rode (933 a, b) found them in India and 
Kaul ( 935-38 ) started attempting to resolve 
them into natural genera on the basis of 
ground tissue. On the advice of Professor 


Sahni ( 938 ), Kaul ( 935,938 ) was able to 
apply quite successfully the data on the 
anatomy of ground tissue in living palms to 
the analysis of fossil palms and showed that 
Palmoxylon sundaram of Sahni was a species 
of coconut, Palmoxylon mathuri a species of 
Bactris, Palmoxylon coronatum a species of 
Borassus and an undescribed palm from 
Antigua in the collection of British Museum 
a species of Phytelephas. Their work naturally 
focussed the attention of workers on the 
importance of ground tissue in palms and 
on the aid it offers to workers on fossil palms 
in resolving the artificial genus Palmoxylon 
of Schenk. 

Simultaneously with these workers, a 
number of other workers in India and abroad 
brought out many more fossil palm stems, 
particularly Kryshtofovich (927), Rode 
( 933 ), Kirchheimer ( 933 ), Gothan ( 936, 
942), Jongmans ( 935 ), Dubois ( 936), 
Shukla (939), Ogura (952), Lakhanpal 
(955 ) and others, and a new period of more 
intensive and critical studies based on com- 
parative anatomy of living and fossil palms 
was ushered in. In this connection work 
on the anatomy of Cyclanthaceae by Surange 
( 950 ), reinterpretation of Palmoxylon sahnit 
Rode by Sahni & Surange (953) need to 
be specially mentioned. It clearly indicated, 
that all the members previously included 
under the fossil genus “ Palmoxylon’’ may 
not all be palms ! Some of them could as well 
be other monocots, such as members of the 
Cyclanthaceae, Sparganiaceae, Pandanaceae, 
Gramineae, Cyperaceae, etc., like the well- 
known genus Rhizocaulon of de Saporta 
( 88-885 ) from Auvergne belonging to 
Gramineae. A very important monograph 
of this period, dealing with anatomy of fossil 
palms of Belgium was brought out by two 
distinguished co-partners in life and work, 
Francois Stockmans and Yvonne Williere 
(943) who have described in detail the 
anatomy of nearly 2 fossil palms, several of 
which were quite new to science. They also 
made a critical estimate of the systems of 
classification of fossil genus Palmoxylon pro- 
posed by Unger, Stenzel, Sahni, Schoute and 
Kaul. In their concluding remarks they said: 

‘L'étude des Palmoxylons est encore dans 
l’enfance, dans la période de simple descrip- 
tion, dirons-nous. Des matériaux tels que 
ceux de Loppem et de Beaufaux font entre- 
voir cependant la possibilité d’établir a 
quelle partie de la plante on a affaire, base 
ou sommet du tronc, noeud ou entre-noeud, 
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(i) VON MOHL’S CLASSIFICATION 
OF PALMS 


A — Geonoma-like 
B — Calamus-like 
C — Mauritia-like 
D — Cocos-like 


E — So-called stemless 


TEXT-FIGS. 


pedoncule fructitere, petiole foliaire. Peut- 
étre pourra-t-on établir dans quel groupe 
ils doivent se classer. Mais tant qu'on n’a 
pas à sa disposition une étude complète 
et récente des palmiers actuels faite en vue 
de recherches paléobotaniques, ce point de 
vue ne peut être envisagé. Aussi atten- 
dons-nous avec impatience les travaux pleins 
d'intérêt que nous ont promis le Prof. Sahni 
et ses èléves.” 

Professor Sahni (938) also had made 
somewhat similar observations in l938 re- 
garding the resolution of the fossil genus 
Palmoxylon in his presidential address to the 
Botany section of the 25th Indian Science 
Congress at Calcutta and also in a later paper 
by him on Palmoxylon  sclerodermum 
(SAHNI, 943 ). 
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(2) STENZEL’S CLASSIFICATION 
OF PALMOXYLON 


A — Mauritia-like: 
(i) Antiguensia 


B — Corypha-like: 


(ii) Cordata 


(iii) Sagittata & 


(iv) Complanata 


C — Cocos-like: 


(v) Reniformia 


ass 
(vi) Lunaria 


(vil) Vaginata A 


D — Radices: 
(viii) Roots 


4, 2 — Von Mohl’s and Stenzel's Classification of Palms. 


By about 942 at the suggestion of Prof- 
essor Sahni I took up the work on palms and 
worked out in detail the structure in about 
30 palms embracing several aspects such as 
embryology, structure of seeds, cytology, 
anatomy of different parts such as roots, 
peduncles, etc. A number of my students 
collaborated with me in working out the 
details, but still much of this work is yet to 
be published. Very recently Eames ( 953 ) 
has studied the morphology of palm leaf and 
has emphasized the importance of morpho- 
logical studies on palm leaf. At present 
there is a great upsurge for studying the 
anatomy of monocotyledons such as grass- 
es, palms and _ rushes, and references 
here and there are found in the works of 
Frost (930 a, 9), Cheadle ( 94, 943 ) 
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Bailey ( 944 ), d’Almeida and Ramaswamy 
(948 ), d’Almeida & Correa (949), Eames & 
Mac Danniels ( 95] ), Metcalfe ( 953 ), etc. 
Cheadle (953 ) especially has made a com- 
prehensive study of the vessel members in 
the monocotyledons. 

Bailey ( 944 ) had long ago emphasized 
the importance of the study of vessel specia- 
lization in dicots and monocots. Metcalfe 
(950) and his school have also been doing 
quite a lot of work on the anatomy of angio- 
sperms and Greguss ( 955 ) on gymnosperms. 
Naturally all this work should have had its 
reflection on the anatomy of palms. I and 
my collaborators, therefore, after studying 
the detailed anatomy of several species 
wanted to see how far these modern trends 
in the anatomy of vascular plants would be 
useful in understanding the phylogeny of 
living palms and in resolving the fossil palm 
genus Palmoxylon. New techniques and 
methods were developed in the Department 
of Botany at the University of Poona and a 
large number of genera and species have been 
fully investigated tribewise, genuswise and 
partwise; and some of them are still being 
investigated. The results obtained so far 
are quite interesting and in the next few 
paragraphs it is proposed to show how some 
of these are helpful in having a new approach 
to the old problems of phylogeny, relation- 
ships and anatomy of fossil and living 
palms. 

Text-fig. | shows von Mohl’s classification 
of palms, based as it is, mainly on the external 
morphology of stem. Now by citing work 
on a single genus like Phoenix investigated in 
very great detail by a student of this depart- 
ment, Mr. M. V. Parthasarathy, it can easily 
be shown that von Mohl’s classification 
breaks down in a number of cases. For ex- 
ample, as per Mohl’s classification the species, 
Phoenix acaulis would belong to stemless 
type (Pr. I, Fic. I), Phoenix paludosa 
to reedy Geonoma-Calamus type (PL. ], 
Fic. 3), and Phoenix sylvestris to normal 
arborescent Cocos type (Pr. |, Fic. 2). 

An outline of the classification of fossil 
palms followed by Stenzel (904) is shown 
in Text-fig. 2 and its combination with 
Mohl’s system made by Sahni (943) is 
shown in Text-fig. 3. It will be seen that 
whereas Stenzel’s classification has a greater 
merit, it also breaks down in a number of 
cases. For example, in a single species of 
Phoenix like P. paludosa we get all kinds of 
fibrovascular bundles having lunate, sagittate 


TEXT-FIG. 3 — MOHL-STENZEL’S CLASSIFICATION 
OF PALMS AS COMBINED BY SAHNI (943). 


A. Mauritia-like palms, with the outer bundles 
crowded, their fibrous parts being many times 
greater than the vascular; and with the inner 
bundles far apart, their fibrous parts being 
smaller than the vascular. 

(i) Antiguensia 


B. Corypha-like palms, with the outer bundles 
more or less densely crowded, the fibrous part 
being much larger than the vascular. The 
inner bundles somewhat further apart than 
the outer, their fibrous part being larger than 
the vascular. 

(ii) Cordata 
(iii) Sagittata 
(iv) Complanata 

C. Cocos-like palms, with the outer and inner 
bundles uniformly distributed, near each other 
of similar size and similar structure. 

(v) Reniformia 
(vi) Lunaria 
(vii) Vaginata 


cordate and complanate caps of sclerenchyma 
( TEXT-FIG. 4), and, therefore, unless one 
investigates in detail, the changes that take 
place in the shape and distribution of vas- 
cular bundles, variability of the ground tissue 
in different parts of the same palm, and in 
different palms, it would be hazardous to 
rely on them while dealing with the speci- 
mens of fossil palms; because very often one 
cannot recognize with certainty whether a 
given specimen of fossil palm wood represents 
a stem piece, or a piece of petiole, a peduncle 
or the midrib of a large leaf. In the absence 
of this knowledge one merely goes on creating 
a large number of artificial species of Pal- 
moxylon for every piece of fossil palm wood 
he gets, perhaps inevitably, little realizing 
that they may as well be parts of the same 
palm or perhaps parts of the same organ. 
An improvement upon this arbitrary system 
of classification was made by Schoute ( 92 ) 
and Kaul लि है (/ कि using the nature of the 
ground tissue for this purpose; but as stated 
above, unless one is familiar with, and takes 
into account, the variability of ground tissue 
in different species of palms and in different 
parts of the same palm and tests it statis- 
tically, the applicability of this method 
also to fossil palms has a limited scope. It 
has, however, the merit of bringing out 
sometimes striking cases of similarity between 
living and fossil members already cited, pro- 
vided one is sure that he is dealing with the 
corresponding parts of a non-variable species. 
And since this cannot always be granted, 
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its successful use in all the cases is not 
possible. It was, therefore, emphasized by 
me ( MAHABALE & UDwADIA, 950, 95] ) 
while working on the anatomy of the pedun- 
cles in living palms, that we should use the 
data from all sources available collectively 
for arriving at decisions regarding the phylo- 
geny of living species and for knowing their 
affinities with the fossil ones. 

It is well known that Frost (930 ), 
Cheadle (94), Bailey ( 944) and others 
have arrived at some striking results on the 
basis of vessel structures in dicotyledons 
and monocotyledons. Following this line of 
work, it was thought, that the structure of 
vessel members in palms would throw some 
additional light on the phylogeny of species 
of a genus or on their affinities with fossil 
members. The structure of vessel members 
in a number of palms such as Phoenix, Howea, 
Arenga, Areca, Borassus, Corypha, Cocos, 
Caryota, etc., was investigated and some 
important points brought out are shown in 
Plate 2, Figs. 6-30 and in Table I. It will 
be seen from them, that there is a good deal of 
differentiation in the vessel members of palms 
belonging to different tribes, genera and 
Species ( Pr. 2, FıGs.23-30).. And, therefore, 
this study is likely to be helpful in inter- 
preting the relationships of species inter se 
and in resolving the fossil forms lumped 
together under the name Palmoxylon. The 
work on a fossil palm from the Deccan Inter- 
trappean series of Mohgaon Kalan ( M.P.) 
by Mr. S. R. Deshpande of this department 
and on the living members of the genus 
Phoenix by Mr. M. V. Parthasarathy may be 
cited as examples to the point. 

After a detailed study of the ground tissue 
and fibrovascular bundles in different species 
of Phoenix it was noticed that fossil palm 
specimen No. 6] in our collection showed a 
clear resemblance with the genus Phoentx in 
regard to the structure and kinds of vascular 
bundles, their distribution, the ground tissue, 
and such other characters (Compare Pr. [, 


Pics 477.6 with Pr. T, Fics. ॥ 00 #5 sand 
PEST ics, oe with, Perl) Fics at). 
Particularly it compared very favourably 
with those in Phoenix robusta and Phoenix 
rupicola. These two living species are ana- 
tomically and taxonomically closely related. 
The former is an endemic in a village, called 
Bhorkas, in Poona district, in Nandagaon 
Ghats in Nasik district, and in Parasnath 
Hills in Bihar. Phoenix rupicola, on the 
other hand, is an ornamental palm found 
wild in Assam and other places in the Eastern 
Himalayas. The ground tissue in these two 
species ( PL. I, Fics. 3, (4 ) and in the fossil 
specimen No. 6l in our collection (Pr. l, 
Fic. 5 ) has similar appearance and dimen- 
sions (see TABLE l); and the two kinds of 
fibrovascular bundles in them are similarly 
distributed. Comparing the structure of late 
metaxylem vessels in longitudinal section 


TABLE I — SHOWING SPECIALIZATION IN THE 
LATE METAXYLEM VESSEL MEMBERS IN THE 
CENTRAL REGION OF THE STEM IN PALMS 


SPECIES VESSEL MEMBER Kıno No. OF 
F —\—_———_, OF BARS BARS IN 
Length Breadth THE PER- 
mm. m FORATION 
PLATE 
Howea belmoreana Becc. 0-826 22. Straight 4-5 
Arenga saccharifera :397 56 N 3-6 
Labill. ; 
Areca catechu L. l:524 86 = 30-35 
Borassus flabellifer L. 0:953 263 a 0-0 
Corypha umbricalifera L. :058 202 हर 0-2 
Cocos nucifera L. -32 98 me -3 
Caryota urens L. -205 76 re 0-L 
Phoenix sylvestris Roxb. :200 50 ss 2-5 
Phoenix zeylanica Trim, 0600 56 + 0-L 
Phoenix rupicola And. 0-350 52 Er 2-5 
Phoenix humilis Royl. 0-380 50 5 0-2 
Phoenix paludosa Roxb, 2°750 04 re 4-6 
Phoenix robusta Hook. l:300 200 Là 3-6 
Phoenix dactylifera L. 3°700 207  Bifurcated 8-0 
at places 
Phoenix reclinata Jacq. 3°600 25 ne 2-20 
Fossil No. 6l, a species °700 382 Straight 2-6 


of Palmoxylon from 
Mohgaon Kalan (Dist. 
Chhindwara). Horizon: 
Eocene 


_ 


Text-Fics. 4-40 — Phoenix paludosa Roxb. T.S. of stem ( Diagrammatic ). 


4, T.S. of stem showing 


the distribution of fibrovascular bundles in the cortical, peripheral and central vascular regions. 


292 5, 


fibrovascular bundles and fibre bundles t 
bundles in the peripheral vascular region: Note the reniform fibre-caps. x 95. 


in the cortical region. x 95. 6, fibrovascular 
7, two fibrovascular 


bundles and a fibre bundle in the central vascular region: Note the lunate shape of sclerenchyma and 


the pattern of the fundamental tissue. x 95. 


showing engulfing sclerenchyma and the radiating parenchyma around it. 


8, a fibrovascular bundle from the mid-cortical region 


95: different 


9 a-m, 


types of fibrovascular bundles in the peripheral vascular region and in the central pith showing 


circular, lunate, cordate, sagittate and reniform types of fibre-caps. x 95. 


0 a-e, different types of 


fused bundles in the peripheral and cortical vascular region. x 95. 
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in all these three ( Pr. ., Fics. 5, 6, 9, 0 ), 
it was noticed that the end part of meta- 
xylem vessels in the fibrovascular bundles 
in the central pith region of a stem, the 
perforation plate, possessed a similar pattern. 
The shape of vessel member and thickening 
on it were also similar; and the transverse 
bars were present in all the three (cf. PL. I, 
Fics. 6, 0,5, 9). Obviously the fossil palm 
specimen No. 6i in our collection is a species 
of Phoenix and perhaps a close ally of P. 
robusta and P. rupicola. The real confirma- 
tion of the identification of this fossil, 
however, came from the structure of the 
secondary metaxylem vessel members in 
fibrovascular bundles as studied in longi- 
tudinal sections as seen in Pl. l, Figs. 9, 
॥0 5 and 6. 

Evidently study of vessel speicalization in 
palms does provide a new approach to the 
analysis of the fossil palms. We have 
reasons to believe that in due course this 
may enable us to understand better, affinities 
of different palms whether living or fossil. 
At any rate, it may safely be said for the 
present, that it will give more certainty to 
our conclusions based on other characters 
such as shape of fibrovascular bundles and 
the ground tissue. It should, however, be 
remembered that since we are dealing with 
extremely fine structures such 35 vessel 
characters, our conclusions arrived at on 
their basis alone, have to be confirmed, 
wherever possible, with the help of other 


characters anatomical and or floristic. One | 
has, therefore, to be cautious in applying | 
this method to the resolution of Palmoxyla | 
which are quite a heterogeneous group. | 
Because, Cheadle (943, 953) and others | 
have shown that in monocotyledons the 
vessel specialization starts in roots, then in |} 
stems and lastly in leaves. We have no in- 
formation whatsoever regarding the pedun- 
cles, and unless it is available, it will be rash | 
to give an opinion merely on the similarity | 
of vessel structure in two living or fossil 
palms. 
Bailey ( 944 ) and others believe that vessel | 
characters have arisen independently in | 
monocotyledons and dicotyledons polyphy- | 
letically, and, therefore, one need not be | 
surprised if one finds a similar vessel or any | 
other character in two different palms quite 
unrelated to each other. On the other 
hand, a group of similar characters in two 
or more palms is very likely to be indicative 
of their real affinities. 
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EXPLANATION OF PLATES 


PLATE । 


4-45. Morphology of the stem of some Phoenix 
species and anatomy of some living and fossil species 
of Phoenix. 


Î. Phoenix acaulis Buch. A stemless type. 

2. Phoenix sylvestris Roxb. Arborescent, Cocos- 
type. 

3. Phoenix paludosa Roxb. Reedy, 
Calamus type. 

4-8. Fossil No. 6, Palmoxylon 
Mohgaon Kalan (Dist. Chhindwara, 
Horizon Eocene. 

4. T.S. of the above showing 3 vascular bundles 
and the ground tissue. x 48. 

5. L.S. of the same showing 2 large vessels at the 
two extremes. x 30. 

6. Perforation plate of a late metaxylem vessel 
showing transverse bars. x 300. 

7. A single vascular bundle from 
x 8% 

8. T.S. of the same showing two types of fibro- 
vascular bundles in the pith. x 48. 

9. Perforation plate of the late metaxylem vessel 
in the stem of Phoenix robusta. x 300. 

0. The perforation plate in the same in P. 
Weg x 300. Compare Fig. 6 with Figs. 9 and 
0. 

ll. A single fibrovascular bundle 
robusta stem. X 75. 


Geonoma- 


species from 
MEP): 


the same. 
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2. The same in P. rupicola stem. 


with Fig. {2. 


i3. T.S. of stem of P. rupicola, central vascular 


x 48. 


region, showing fibrovascular bundles. 
i4. The same in P. robusta. x 48. 


5. Fossil specimen No. 6, Palmoxylon sp. show- | 
Compare the ground | 
tissue here with that in P. robusta shown in Fig. 4. | 


Se Tle 


ing the ground tissue. 


PLATE 2 


6-30. Vessel specialization in the late metaxylem | 
( Photographed under polarized | 


in palm stem. 


light. ) 
6. Cocos nucifera L. x 233. 
7. Arenga saccharifera Labill x 273. 
8. Corypha umbraculifera L. x 265. 
9, Howea belmoreana Becc. x 265. 
20. Areca catechu L. x A83;: 
2l. Caryota urens L. x 266. 
22. Borassus flabellifer L. x 27. 
23-30. Vessel specialization in species of Phoenix. 
23. P. zeylanica Trim. x 265. 
24. P. humilis Royl. x 265. 
25. P. sylvestris Roxb. x 265. 
26. P. rupicola And. x 265. 
27. P. robusta Hook. x 265. 
28. P. paludosa Roxb. x 265. 
29. P. dactylifera L. x 265. 
30. P. reclinata Jacq. x 83. 


Del Palmis Fossilibus in Martius’s 
Historia Naturalis Palmarum. Munich (823- | 


«x 75a 
Compare Figs. 7 and 8b with Fig. i and Fig. 8a | 
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